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decreasing viability of the nautiloids, but the pattenis and modes 
of evolntion of this declining group are instructive. 

Post-Triassic nautiloids have reeeived but scant attention, 
most workers liaving merely referred all species to the geuus 
Nautilus. In 1927, L. P. Spath presented a very comprehensive, 
but short, review of post-Triassic nautiloids and proposed a 
taxonomic scheme including many new genera. In 1951, I spent 
eiglit months at the British Mnseum of Natural History, and at 
that time had the opportuuity of studying the very large and 
excellent collections of that institution including the types of 
many of the genera proposed by Spath. At the time Spath 
(1927a) proposed his taxonomic scheme for post-Triassic nau- 
tiloids he did not give anv diagnosis of his genera or illustrations 
of his type spccies, many based on Sowerby species not previouslv 
illustrated except in woodcuts. In the present report all genera 
of post-Triassic nautiloids are diagnosed and illustrated. An 
intensive search has been made of the literature to bring together, 
as far as possible, all species ñames that have been proposed over 
the past hundred odd years. In this way data was obtained on 
the variability, geologic range and geographic distribution of 
each generic group. 

This study is an outgrowth of the preparation of a chapter 
on Mesozoic nautiloids for the Treatise on Invertebrate Paleon- 
tology, edited by R. C. Moore. A similar study on Carboniferous 
to Triassic nautiloids has alreadv been published (Kummel, 
1953c). 1 wish to express mv very sincere appreciation to Dr. 
L. F. Spath for many long liours of stimulating conversations 
and for facilitating in every way my work at the British Mu- 
seum. Fruitful discussions with Dr. Cnrt Teichert and Dr. 
Ernest Williams on taxonomic and evolutionary problems were 
most helpful. 

CLASSIFICATION OF POST-TRIASSIC NAUTILOIDS 

The only previous comprehensive discussion of post-Triassic 
nautiloids is that of L. F. Spath (1927a). In recent years several 
large works on Tertiary nautiloids have been produced by Miller 
wliich have included descriptions of many new Tertiary faunas. 
Spath s discussion of post-Triassic nautiloids was only a small 
and incidental part of his brilliant work on the famous Jurassic 
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fauna of Kachli (Cutch). Even so, he laid the framework for 
future work on these animáis. 

Nautiloids of Mesozoic age and, until recently, Tertiary age 
have received only hrief incidental treatment in paleontological 
publieations. For one thing post-Triassic nautiloids are not 
common fossils compared to the contemporaneous ammonoid, 
pclecypod, or gastropod faunas. They likewise are seemingly 
not nearly so diverse. The evolutionary decline of the nautiloids, 
already very marked in the Silurian, progresses steadily towards 
the Recent. Thus in studying Mesozoic and Tertiary nautiloids 
we are closely examining the decline and near extinction of a 
large animal group. 

Until the contribution by Spath (1927a) there had been few 
genera proposed for post-Triassic nautiloids and most of these 
were not generallv accepted or used. The most common practico 
was to place all post-Triassie species in the genus Nautilus. 
Those genera that had been proposed before Spath ’s 1927 re- 
visión inelude Nautilus Linné, 1758, Bisiphytes Montfort, 1808, 
Cenoceras Hyatt, 1883, Eutrephoceras Hyatt, 1894, Digonioceras 
llyatt, 1894, Angulithes Montfort, 1808, Hercoglossa Conrad, 
1866, Pseudonautilus Meek, 1876, Cimomia Conrad, 1866, Cyma- 
t oceras Hyatt, 1883, Tithonoceras Retowski, 1893, Carino nautilus 
Spengler, 1910, and Aturia Broun, 1838. As mentioned above, 
most of these genera were never used after their original pro- 
posal ; however, such generic ñames as Eutrephoceras , Herco- 
glossa, Cymatoceras, and Aturia are fairly common in the early 
literature. Most of these genera were considered as members of 
the Nautilidae. 

In his revisión of post-Triassic nautiloids Spath (1927a) pro- 
posed 16 new genera and adopted 5 families, namely the Nautili- 
dae d’Orbignv, 1840, the Hereoglossidae Spath, 1927, the Cvma- 
toceratidae Spath, 1927, the Paraeenoceratidae Spath, 1927, and 
the Aturidae Hyatt, 1894. On a straight morphological basis, 
the Nautilidae inelude those genera directlv or indirectly in the 
main stock giving rise to Nautilus. The Hereoglossidae inelude 
those genera with "goniatitic ,, or very sinuous sutures. The 
Cymatoceratidae inelude those stocks characterized by ribbing 
— the only stock of post-Triassic nautiloids with any ornamen- 
tation. The Paraeenoceratidae are characterized by differentia- 
tion of the peripherv, and the Aturidae are characterized by 
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the unique and peculiar dorsal siphuncle. 

There have been no significant changes made to this taxonomic 
arrangement since its proposal in 1927. Restudy of the large 
nautiloid collections in the British Museum and the Museum of 
Comparative Zoology plus a comprehensive review of the litera» 
ture have brought forth further data on the range of variation 
within the various genera, and also new data on the geographic 
and stratigraphic range of most of the species described. 

The nautiloids reflect no significant change in their evolution- 
ary development from the late Paleozoic into the Triassic. In 
fact, the evolutionary pattern of Triassic nautiloids is merely 
a culmination of trends begun baek in the Carboniferous (Kurn- 
mel, 1953c). Towards the end of the Triassic most of the long- 
Iived stocks became extinct. A single persisting stock repre- 
sented by Cenoceras survived the Triassic, and it represents 
the root forra from whieli, directly or indirectly, all post-Triassic 
nautiloids are derived. On examination of the available data on 
post-Triassic nautiloids, one is impressed by the essential homo- 
geneity of the group. Distinctive radiations are recognizable, 
each representing an elaboration of particular inorphological 
charaeters. Homeomorphous developments within the group and 
with pre-Jurassic genera are common. The time-space relation- 
ships of the post-Triassic nautiloid 4 4 species' ’ and their mor- 
phological modifications, interpreted in térras of adaptive radia- 
tion, make possible a constructive pliylogenetic interpretation of 
the group. The interpretation presented in this report gives a 
much clearer understanding of the various generic groups and the 
kinds and ranges of variation within the groups. The classifica- 
tion adopted refieets the phylogeny of post-Triassic to Recent 
nautiloids. The classification used in this report is as follows : 

Family Nautilidae d’Orbigny, 1840 
Subfamily Nantilinae d’Orbigny 
Genus Xautilus Linné, 1758 

Type species: Xautilus pompilius Linné 
Genus Cenoceras Hyatt, 1883 

Type species: Xautilus orbignyi Prinz 
Genus Eutrephoceras Hyatt, 1894 

Type species: Xautilus delcayi Morton 
Gemís Pseuiloccnoceras Spath, 1927 

Type species: Xautilus largilliertianus d’Orbignv 
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Genus Carinonautilus Spengler, 1910 

Type speeies: Carinonautilus ariyalurensis Spengler 
Genus Obinautilus Kobayashi, 1954 

Type speeies: Obinautilus pulchra Kobayashi 
Subfamily Pseudaganidinae nov. 

Genus Pseudaganides Spath, 1927 

Type speeies: Nautilus hutehensis Waagen 
Genus Pseudonautilus Meek, 1876 

Type speeies : Nautilns geinitzi Oppel 
Subfamily Paracenoceratinae Spath, 1927 
Genus Paracenoceras Spath, 1927 

Type speeies: Nautilus hexagonus J. de C. Sowerby 
Genus Aula con autilus Spath, 1927 

Type speeies: Tautilus sexcarinatus Pictet 
Genus Sotnalinautilus Spath, 1927 
Type speeies: Nautilus antiquus Daequé 
Genus Tithonoceras Retowski, 1894 

Type speeies: Tithonoceras zitteli Retowski 
Subfamily Cymatoeeratinae Spath, 1927 
Genus Cy mato ceras Ilyatt, 1883 

Type speeies: Nautilus pseudoelegans d’Orbigny 
Genus Procymatoceras Spath, 1927 

Type speeies: Nautilus subtruncatus Morris and Lyeett 
Genus C y matan autilus Spath, 1927 

Type speeies: Nautilus julii d’Orbigny 
Genus Paracymatoceras Spath, 1927 
Type speeies : Nautilus asper Oppel 
Genus Syrionautilus Spath, 1927 

Type speeies: Nautilus libanoticus Foord and Criek 
Genus Anglonautilus Spath, 1927 

Type speeies: Nautilus undulatus J. Sowerby 
Genus Eucymatoceras Spath, 1927 

Type speeies: Nautilus plicatus Fitton 
Genus Heminautilus Spath, 1927 

Type speeies: Nautilus saxbii Morris 
Genus D.eltocymatoceras n.gen. 

Type speeies: Nautilus leiotropis Schlüter 
Genus Epicymatoceras n.gen. 

Type speeies: Nautilus vaelsensis Binckhorst 
Subfamily Hereoglossinae Spath, 1927 
Genus Eercoglossa Conrad, 1866 

Type speeies: Nautilus orbiculatus Tuomey 
Genus Cimomia Conrad, 1866 

Type speeies: Nautilus burtini Galeotti 
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Genus Angulithes Montfort, 1S08 

Type species: Nautilites triangularte Montfort 
Genus Aturoidea Vredenburg, 1925 

Type species: Xautilus parTcinsoni Edwards 
Subfamilv Aturinae Hyatt, 1894 
Genus Aturia Bronn, 1838 

Type species: Xautilus aturi Basterot 

Because of the essential homogeneity of post-Triassic nauti- 
loicls their grouping into a single family — Nautilidae — seems 
most appropriate. Thus each of the distinctive radiations from 
the main evolving stock is reflected at the subfamilv level and 
the radiations within the subfamilies are expressed at the generic 
level. 

Several genera that have been proposed are considered to be 
synonyms of previously deseribed forms. Bisiphytes Montfort. 
1808, is suppressed because of the great ambiguity connected 
with the type species. Sphaeronautilus Spath, 1927, Digonio- 
ceras Hyatt, 1894, Ophionauiilus Spath, 1927, and Nautilites 
Prinz, 1906, are considered to be synonyms of Cenoceras. Her- 
coglossoceras Spath. 1927, is considered to be a synonym of 
Pseudaganides Spath. The single species assigned to Xeocymato - 
ceras Kobayashi, 1954, falls within the range of variation of 
Cymatoceras and the genus is suppressed. Yorticoceras Scott, 
1940, was established before its author knew of Heminautilus 
Spath, 1927, and was suppressed bv Scott at a later date (Scott, 
1943). Platynautilus Yabe and Ozaki, 1953, is a perfect synonvm 
of Heminautilus. Deltoidonautilus Spath, 1927, is a synonym 
of A ngulith es Montfort, 1808 (Kummel, 1953a). Enclimat oceras 
Hyatt, 1883, is a synonym of Hercoglossa Conrad, 1866 (Spath, 
1927a). Woodringia Stenzel, 1940, also is liere considered a syn- 
onym of Hercoglossa. Paraturia Spath (1927) was proposed 
prior to his ( Spath \s) knowledge of Aturoidea Vredenburg, 
1925, and was shortly thereafter properly suppressed for Aturoi- 
dea which has priority. 

The basic framework of the above classification is the work 
of Spath (1927a) but differs in some important aspects involving 
the general interpretation and phylogenetic relationships of 
post-Triassic nautiloids. Spath (1927a) originally proposed his 
major units as families, but later (1935b) he did use a subfamilv 
rank while deseribing a species of Para cenoceras (Paraceno- 
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eeratinae). Within the Nautilinae the main difference in the 
above elassification from that oí* Spatli is placing Angulithes in 
the Hercoglossinae, and inclnding Carinonautüus in the Nau- 
tilinae, wliich Spatli had placed in the Paracenoceratinae. Also 
several genera of Spath’s Nautilidae ( Bisiphytes , Sphaeronau - 
tilus, Digonioceras , and Ophionautilns) are suppressed or placed 
in synonymy of other genera. 

The Pseudaganidinae is a new subfamily proposed to dif- 
ferentiate those nautiloids witli sinuous sutures that aróse as a 
sepárate phyletic stock in the early Jurassic, and are distinct 
from the Cretaceous-Tertiary radiation ineluding Hercoglossa 
etc. Spatli (1927a) had included the two genera of the Pseuda- 
ganidinae ( Pscudag anides and Psendonautilus) in the Hereo- 
glossidae. From Spath’s Paracenoceratidae are removed Cari- 
nonautilus to the Nautilinae and Ileminautilus to the Cymato- 
eeratinae. The subfamily Aturinae ineludes only the genus 
At uria. The Cymatoceratinae remains essentially as conceived 
by Spatli exeept for the inclusión of If i minautüits and two new 
genera described in this report. 

The relative rarity of post-Triassic. nautiloids has led to a 
situation where most species llave been described on the basis of 
one or very few speeimens. To my knowledge, no large collection 
representing a population has ever been assembled from a single 
horizon and loeality ñor are any known where the fossils are 
suffleiently well preserved to allow a thorough study of intra- 
speeific variation. The great majority of species are defined in 
terms of being slightly thinner, fatter or more involute or 
evolute than other already established species ; or there are 
slight variations in the whorl shape or eharaeter of the suture. 
However, in none of these species is the range of variations in 
any of their morphological features known. Because of these 
factors, the so-ealled species of Mesozoic and Tertiary nautiloids 
have little reality in terms of our eoncepts of neontologieal 
species. Tlius, in attempting to decipher the evolutionary pat- 
terns and modes of these nautiloids, it is impossible to use the 
species as a working unit. One's thinking and correlation of data 
need to be at the generic level. The species (representing the 
namecl units aecumulated in the literature) when brought to- 
gether in generic groups give very useful data in regard to range 
and direction of variation, and relative abundanee of the various 
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adaptive types. Since .so many of the so-called species are 
merely descriptions of specimens. thev are liere treated as ex - 
ampies of morphologic types brought together into genera — 
which are the only feasible taxonoinie units to liandle with this 
sort of material. Another difficulty is the complete laek of 
understanding of the adaptive valúes of the various morphologi- 
eal features. Most features of the coneh are thought. to be 
adaptive, but the exact nature of this adaptation is not known. 

To properly appraise the evolutionary history of post-Triassic 
nautiloids it was essential that all of the named units be brought 
together and placed in generic groups. Thus, through the named 
units (species), the geologie history and range of variation, 
origin, and evolution of each generic gronp could be interpreted 
in terms of the v lióle nautiloid fauna. In assembling a list of 
described species, t liere are numerous problems of synonym y and 
other taxonomic irregularities that cannot possibly l)e determined 
just from the literal ure, and it is doubtful at this stage if such 
eíforts would be worthwhile. Thus in eompiling a list of the 
species of post-Triassic nautiloids most ñames that have been 
introduced are listed, exccpt for several very obvious and long 
recognized cases of synonymy. The following list of 531 species 
of post-Triassic nautiloids gives the units opon which mucli of 
this study is based. Because of the great difficulty in tracking 
down many of tliese forms the author, date, original generic 
assignment, and the present generic assignment are given. The 
list is reasonably complete but even after several years of ac- 
cumulating tliese data it is certain that there are still species that 
have escaped my attention. This list of forms does represent the 
great majority and from it certain interesting observations on 
relativo abundance of the various adaptive types can be made. 
This problem will be diseussed later. 

SPECIES OF POST-TRIASSIC NAUTILOIDS 

Xautilus ( Paracenocera-s) aekUni Jeannet, 1951 — Paracenoceras 
X . adneticus Pía, 1914 — Ce noceras 

X. (Ilercoglossa) aegyptiacus Foord, 1891 — • AnguUthes 
X. aftinis Chapuis and Dewalque, 1853 — Cenoceras 
X. aganiticus Sehlotheim, 1820 — Pscudaganiidc a 
X. ahUcnensis Schlüter, 1876 — Eutr.ephoceras 
X. alabamensU Morton, 1834 — Aturia 
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Aturia alaslccnsis Schenck, 1931 — Aturia 
X. alb cusís el ’Orbigny, 1850 — Cymatoceras 
Eutrephoceras alcesense Reesiele, 1927 — Eutrephoceras 
X. allani Fleming, 1945 — Eutrephoceras 
X. allioni Miehelotti, 1840 — Eutrephoceras 
X. aUarcnsis Pomel, 1889 — Cymatoceras 
X. altifrons Chapman, 1915 — Eutrephoceras 
X . aJtisiphites Prinz, 1906 — Cenoceras 
X. amasianus Gugenberger, 1928 — Cenoceras 
X. ammoni Loescdi, 1912 — Pseudaganides 
X. amorettii Parona, 1897 — Cenoceras 

Cymatoceras andranofotsyense Collignon, 1951 — Cymatoceras 

X. angulif croas Rchlüter, 1876 — Cymatoceras 

X. angustata Conrad, 1849 (m Dana) — Aturia 

X . augustas Blanford, 1861 — Cimomia 

X. anomphalus Pia, 1914 — Cenoceras 

X. antiguas Darqué, 1910 — Somalinautilus 

X . a p plana! as Wanner, 1902 — Pseudocenoceras 

X. ararifarmis Pia, 1914 — Cenoceras 

X. araris Dumortier, 1S69 — Cenoceras 

X. acatas Quenstedt, 1846 — - Cenoceras 

X. archiacianus d ’Orbigny, 1840 — Eutrephoceras 

X. areuatus Desliares (i a Levinerie, 1842) — Angidithes 

X. ard uennensis Loesch, 1914 — Paraccnoceras 

X. argovicnsis Loescdi, 1912 — Pseudaganides 

(' arinonautilus ariyal urensis Spengler, 1910 — Carinonautilus 

X . arthab.eri Gugenberger, 1928 — Cenoceras 

X. articulatus Pulteney, 1813 (in Cox, 1940) — Cymatoceras 

X. asper Oppel, 1865 — Paracymatoceras 

X. astaeoides Yonng & Bird, 1828 — Cenoceras 

X. atlas Whiteaves, 1876 — Cymatoceras 

X . atari Basterot, 1825 — Aturia 

X . aturioides Pietet, 1867 — Pseudonautilus 

Aturia aust ralis McCoy, 1867 — Aturia 

X . austriacus Hauer, 1856 — Cenoceras 

X. avcrilli Anderson, 1938 — Cymatoceras ? 

.Y. haber i Morris & Lyeett, 1850 — Procymatoc.eras 
X . baconicus Yadász, 1911 — Cenoceras 
DcltoidenaatUus bakeri Teichert, 1947 — Angulithes 
X. balcombcnsis Chapman, 1915 — Eutrephoceras 
X . balsamocrivelln Parona, 1897 — Cenoceras 
Aturia basteroti Benoist, 1S88 — Aturia 
X. bayficldi Foorel and Crick, 1890 — Cymatoceras 
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X. begudensis Kilian and Reboul, 1915 — Anglonautilus 

X . bellerophon Luiulgren, 1867 — Eutrephoceras 

X . berriasensis Pictet, 1867 — Psendocenoceras 

Eutrephoceras bcrryi Milier, 1947 — Eutrephoceras 

Ataría ( Aturra) berryi Stenzel, 1940 — Aturra 

X. ( Aulaconautilus) bicaritiatus Jeaimct, 1951 — Anlaconautilus 

X . hifureatus Ooster, 1858 — Cymatoccras 

Deltoidonautilus biyogorensis Haas and Milier, 1952 — Angntithes. 

X. blakci Avnimelech, 1947 — Cimomia 

X. blanfordi Douvillé, 1929 — Eutrephoceras 

X. bodeni Loeseli, 1914 — Pseudaganidcs 

X. boissieri Pictet, 1867 — Eutrephoceras 

X. bouchardianus d’Orbigny, 1840 — Eutrephoceras 

X. bradfordensis Crick, 1898 — Cenoeeras 

X. brancoi Gemniellaro, 1884 — Cenoeeras 

Aturra ( Brazaturia ) brazoensis Stenzel, 1935 — Aturia 

X. breislaclci Parona, 1897 — Cenoeeras 

X. broitzemensis Müller and Wollemann, 1906 — Cymatoccras 

Aturia (Sphenat aria) briiggeni Ihering, 1921 — Aturia 

X. brunhuberi Loesch, 1914 — Pseudaganidcs 

Aturia brunlechneri Franseher, 1895 — Aturoidea 

X. bruntrutanae Kulm, 1936 — Paracenoeeras 

X. bryani Gabb, 1877 — Eutrephoceras 

Cimomia buecinaeformis Haas and Milier, 1952 — Cimomia 

X. burlcarti Castillo and Aguilera, 1895 — Eutrephoceras 

X . burtini Galeotti, 1837 — Cimomia 

X. burtonensis Foord and Crick, 1890 — Cenoeeras 

X. butonevsis Martin, 1933 — Eutrephoceras 

DeJtoidonautilus calieni Milier, 1951 — Angulithes 

X. calloviensis Oppel, 1858 — Paracenoeeras 

X. culvimontensis Bédé, 1948 — Angulithes 

X. campbelli Meek, 1861 — Cymatoccras ? 

.V, eampichei Karakasch, 1907 — Pseudocenoceras 

X. eantabrigiensis Foord, 1 SOI — Cimomia 

X. (Cymatoccras) carlottensis Whiteaves, 1900 — Cymatoccras 

X. earoliameghinoi Ihering, 1902 — Aturia 

Eutrephoceras earolinense Kellum, 1926 — Eutrephoceras 

X. (Ilercoglossa) cassinianus Foord and Crick, 1890 — Angulithes 

X. eatonis Gemmellaro, 1886 — Cenoeeras 

X. eenomanensis Schlüter, 1876 — Cymatoceras 

X. centralis J. Sowerby, 1812 — Eutrephoceras 

Aturia charlesicorthi Foord, 1891 — Aturia 

X. charpentieri Leymerie, 1851 — Eutrephoceras 
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X. chilensis lluppé ( in Gay) 1854 — Cenoceras 
X. óhudcaui Douvillé, 1920 — Angulithes 
Aturia clarlcei Teieliert, 1944 — Aturia 
X. clausus d ’Orbigny, 1842 — Pseudaganides 
X. clemcntinus d ’Orbigny, 1840 — Eutrephoceras 
Cymat oceras colombiana Durham, 194(5 — Cymatoceras 
X. columbinas Fritsch and Schlonbach, 1872 — Cimamia 
X. compressíis Tavani, 1942 — Cymatoceras 
X . cookana Whitfield, 1892 — Eutrephoceras 
X. cossmanni Vredenburg, 1928 — Cimomia 
Paracenoceras costatum Scott, 1943 — Procymatoceras 
Aturia ? coxi Miller, 1947 — Aturia 
X. crassiconcha Vogl, 1908 — Cimamia 
X. crassisinuatus Criek, 1898 — Pseudaganides 
X. crassus Schafhautl, 1863 — Eutrephaceras 
X. crebricostatus Blanford, 1861 — Cymatoceras 
X . cuba ensis Lea, 1841 — Aturia 

Aturia curviJineata Miller and Thompson, 1937 — Aturia 
X. cyclotus Oppel, 1865 — Eutrephoceras 
X. danicus Schlotheim, 1820 — Hercoglossa 
Eutrephoceras dartevcllei Miller, 1951 — Eutrephoceras 
X. darupensis Schliiter, 1876 — Eutrephoceras 
X . decipiens Michelotti, 1861 — Eutrephoceras 
X. dekayi Morton, 1834 — Eutrephoceras 
X. deluci d’Archiae 1854 — Angulithes 
X. demonensis M. Gemmellaro, 1911 — Conocerás 
X . depressus Binckhorst, 1861 — Eutrephoceras 
X . desertorum Quaas, 1902 — Eutrephoceras 
X. deslongchampsianus d ’Orbignv, 1840 — Cymatoceras 
Aturia dickersoni Schenck, 1931 — Aturia 
Hercoglossa diderrichi Vincent, 1913 — Hercoglossa 
X. dietriehi Zwierzycki, 1914 — Eutrephoceras 
X. (Paracenoceras) dilatatus Jeannet, 1951 — Paracenoceras 
X. dispansus Morris and Lycett, 1850 — Cenoceras ? 

Aturoidea distans Teichert, 1943 — Aturaidea 

X. distefanoi Gemmellaro, 1884 — Cenoceras 

X . divesianus Kuhn, 1936 — Paracenoceras 

X. domeykus d'Orbigny, 1842 — Cenoceras 

X. d ’orbignyanus Forbes, 1846 — Cimomia 

X. dorsatus Roemer, 1836 — Paracenoceras 

X. dorsocxcavatum Parona and Bonarelli, 1897 — Paracenoceras 

Eutrephoceras douvillei Spath, 1927 — Eutrephoceras 

X . drepanensis Tagliarini, 1901 — Pseudaganides 



KUMMEL: PO^T-THIASSIC XAUTIL01D GENERA 



335 



X. dubáleni Peyrot, 1932 — Eutrephoceras 

X. dubius Zieten, 1830 — Conocerás 

X. duilii Genmiellaro, 1SS6 — Pseudaganides 

X. dumasi Pictet, 18(57 — Pseudaganides 

X. egregius Pia, 1914 — Conocerás 

X. cichwaldi Karakasch, 1907 — Cymatoceras 

X. elrgans J. Sowerby, 1S16 — Cymatoceras 

X. clcgantoides d'Orbigny, 1840 — Cymatoceras 

Deltoidonautilus eUiotti Stenzel, 1940 — Angulithes 

X. ellipticus Schafhautl, 1S52 — Cimomia 

X. ennianum Daecjué, 1905 — Paracenoceras 

A T . ereyeinus Tagliarini, 1901 — Cenoceras 

Heminautilus etheringtoni Durkam, 1946 — Heminautilus 

X. euthymi Pictet, 1867 — Eutrephoceras 

X. excavatus, J. de C. Sowerby, 1826 — Cenoceras 

X. exiguus Crick, 1898 — Cenoceras 

X. expansus J. de C. Sowerby, 1824 — Eutrephoceras 

X. expletus Zwierzyeki, 1914 — Cimomia 

X . exterebratus Crick, 1898 — C.enoceras 

Eutrephoceras faxéense Hyatt, 1894 — Eutrephoceras 

X. felix Cliapman, 1915 — Eutrephoceras 

Aturia (S phe naturia) felsclii Ihering, 1921 — Aturia 

X. fischcranus Foord and Crick, 1S90 — Cenoceras 

X. fittoni Sharpe, 1S53 — Pseudocenoceras 

X. flammeus Konehetti, 1947 — Eutrephoceras 

X. fleuriausianus d'Orbignv, 1840 — Angulithes 

X. forbesi d’Archiac and Ilaime, 1854 — Cimomia 

X. forbesianus Blanford, 1861 • — • Ilercoglossa ? 

Aturia formae Parona, 1899 — Aturia 

X. formosus Blanford, 1861 — Cymatoceras 

X. fourneti Dumortier, 1874 — Cenoceras 

X. francomontamus Kulin, 1939 — Eutrephoeeras 

X . franconicus Oppel, 1S65 — Pseudaganides 

X. ( Pseudaganides ) fricl'ensis Jeannet, 1951 — Pseudaganides 

X. fuscas Crick, 1898 — Somalinautilus 

X . gabbi Anderson, 1902 — Cymatoceras 

X. galea Fritseh and Schlónback, 1872 — Angulithes 

X. galicianas Alth, 1850 — Pseudocenoceras 

Ilercoglossa gardnerae Stenzel, 1940- — Ilercoglossa 

Aturia (Brazaturia ) garretti Stenzel, 1940 — Aturia 

X. geelongensis Foord, 1891 — Eutrephoceras 

X. geinitzi Oppel, 1865 — Pscudonautilns 

X. geyeri Prinz, 1906 — Cenoceras 



33G 



KULLET1N : MUSEUM O F 00 M PARA T 1 V E ZO0L00Y 



¿Y. giganteus d 'Orbignv, 1825 — Paracenocera s 
X. girar doti de Loriol, 1.903 — P senda gañid es 
X . glaber Foord and Criek, 1890 — Pseudaganidm 
X. gosavicus Redtenbaclier, 1873 — Entrephoeeras 
A t ttria grandior Schenck, 1931 — Atnria 
A furia ( Atnria ) grangei Fleming, 1945- — - Atnria 
X . grannlosum d ’Orbignv, 1843 — Paracenoceras 
N. gravcsianus d’Orbigny, 1843 — Pseudaganidrs 
X. guUielmi tclli Ooster, 1858 — Cymatoceras 
X. hallidayi Waring, 1914 — Eutrephoceras ;• 

X. hallstatt.ensis Spengler, 1919 — Cenoceras 
X . haltomi Aldrieli, 1931 — Cimomia 
Eutrephoceras hannai Vokes, 1937 — Eutrephoceras 
Tlercoglossa harrisi Miller and Thompson, 1937 — IT ercoglossa 
X. haughti Olsson, 1928 — Cimomia 
X. hazaraensis Das Gupta, 1916 — Angulithes 
X. hebcrti Binckhorst, 1861 — Cimomia 
X. helvéticas Loesch, 1914 — Pseudaganides 

X. (Cymatoceras? ) hendersoni Etheridge (1901) — Entrephoeeras 

N, (Parac, enaceras) herznachensis Jeannet, 1951 — Paraetnoeeras 

Cimomia hesperia Miller and Downs, 1950 — Cimomia 

Paracenoceras hexagonoides Spath, 1927— Paracenoceras 

X. hexagonus J. de C. Sowerby, 1826 — Paracenoceras 

N. hilli Shattuek, 1903 — Cymatoceras 

X . hunstamtonensis Foord and Criek, 1890 — Cymatoceras 

Cimomia hunti Haas and Miller 1952 — Cimomia 

X. huxleyanus Blanford, 1861 — Cymatoceras 

X . imbricatus Criek, 1907 — Cymatoceras 

Bisiphytes ( Cenooeras ) imlayi Kummel, 1954 - Conocerás 

X. impendens Criek, 1898 — Conocerás 

X. imperialis .T. Sowerby, 1812 — Cimomia 

X. indicum Spengler, 1910 — Entrephoeeras 

Hercoglossa innominanda Fleming, 1945 — llercoglossa 

X. inornatus d’Orbigny, 1842 — Cenoceras 

X. intermedias J. Sowerby, 1816 — Cenoceras 

X. interstriatns Strombeck, 1863 — Cymatoceras 

N. intumescens Waagen, 1873 — Procymatoceras ? 

A r . (Javanoceras) intvscatenatus Martin, 1932 — Cimomia 
X. izumoensis Yokoyama, 1913 — Entrephoeeras 
X. japónicas Shimizn, 1926 — Entrephoeeras 
X. javanus Martin, 1879 — Eutrephoceras 
Paracenoceras jeanneti Sánchez Roig, 1951 — Paracenoceras 
Entrephoeeras johnsojii Miller, 1947 — Eutrephoceras 
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Eutrephoceras jone si Miller and Thompson, 1933 — Eutrepho ceras 

X. jordani Wanner, 1902 — Cimomia 

X. jourdani Dumortier, 1874 — Conocerás 

X . julianus Fucini, 1895 — ■ Cenoceras 

X. julii d ’Orbigny, 1S50 — Cymatonautilus 

X. jumaren sis Waagen, 1873 — Paracenoceras ? 

.V. jurcnsis Quenstedt, 1858 — Cenorcras 
X. justas Blanford, 1861 — Eutrephoceras 
Cimomia karkarensis Haas and Miller 1952 — Cimomia 
X. karpinskyi Karakasch, 1907 — Paracymatoccras 
X. kayeanus Blanford, 1861 — Cymatocoras 
Aturia kerniana Anderson and Ilanna, 1925 ■ — Aturia 
X. klcbelsbergi Loesch, 1914 — Pseudaganides 
Aganides kochi Prinz, 1906 — Pseudaganides 
Aturia koenei Cagel, 1928 — Aturia 

X. ( Cymatoceras ) kossmafi Spengler, 1910 — Cymatoceras 
X. krenlceli Jeannet, 1951 — Pseudaganides 
Cimomia kugleri Miller, 1947 — Cimomia 
X . kumagunense Waagen, 1873 — Paracenoceras 
X. kutehensis Waagen, 1873 — Pseudaganides 
X. Jabechci d ’Archiac and Haime, 1854 — Eutrephoceras 
X. lallierianus d'Orbigny, 1840 — Heminautilus 
X. lamarekii Deshayes, 1824 — Angulithes 
Ilcrcoglossa lamegoi Oliveira, 1953 — Hercoglossa 
X. I andanensis Yincent, 1913 — Cimomia 
X. largilliertianus d’Orbignj*, 1840 — Pseudoeenoceras 
Aturia (Brazaturia) latida via Stenzel, 1935 — Aturia 
X. latifrons Zwierzvcki, 1914 — Paracenoceras 
Eutrephoceras laverdei Diirham, 1946 — Eutrephoceras 
X. ledonicus de Loriol, 1903 — Pseudaganides 
X. Icliardyi Binckhorst, 1861 — Pseudoeenoceras ? 

A’, leiotropis Scliliiter, 1876 — Dcltoeymatoceras 
Ueltoidonautilus lemoinei Miller, 1951 — Angulithes 
X. lentiformis Stoliczka, 1866 — Eutrephoceras 
X . Uonei Negri, 1934 — Eutrephoceras 
X. Iconicensis de Zigno, 1881 — Cimomia 
X . liban.oticus Foord and Crick, 1890 — Syrio>nautüus 
X. lineatus J. Sowerbv, 1813 — Cenoceras 
X . Uneolatus Foord and Crick, 1890 — Cenoceras 
Aturia lini cent ensis Yincent, 1907 — Aturia ? 

Cymatoceras loeblichi Miller and Harris, 1945 — Cymatoceras 
X. loricatus Sehlüter, 1876 — Cymatoceras 
Aturia lotzi Bohm, 1913 — Aturia 
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Aturia luculoensis Miller, 1938 — Aturia 
Bisiphytes (Cenoceras) lupheri Kummel, 1954 — Cenoceras 
X. lutatii Gemmellaro, 1886 — Cenoceras 
C i-momia macfadyeni Haas and Miller, 1952 — Cimomia 
Aturia (Brazaturia) mackayi Fleming, 1945 — Aturia 
X. macroceplxalus Schafhautl, 1863 — - Cimomia 

X. (Cymatoceras) madagascarensis Yabe and Sliimizu, 1924 — Cymatoceras 

Herooglossa madgascari ensis Collignon, 1951 — Ilercoglossa 

X. malbosi Pictet, 1867 — Pseudonautüus 

X . mallierbii Terquem, 1855 — Cenoceras 

A T . manissadjiani Gugenberger, 1928 — Cenoceras 

X. manuanensis Crick, 1907 — Cymatoceras 

Ilercoglossa maracaiboensis Miller and Collinson, 1951 — Ilercoglossa 
X. mariani M. Gemmellaro, 1911 — Cenoceras 
X . marii Gemmellaro, 1886 — Cenoceras 
Eutrephoceras marksi Miller, 1947 — Eut repito ceras 
Paracenoceras marocense Miller and Collinson, 1952 — Paracenoceras 
X. marucoensis Giovine, 1950 — Eutrephoceras 
Cimomia marylandensis Miller and Thompson, 1933 — Cimomia 
Aturia mathewsonii Gabb, 1864 — Aturoidea 
X . mazzarensis Tagliarini, 1901 — Cenoceras 

Ilercoglossa mcglameryae Miller and Thompson, 1933 — Uercoglossa 
Ilercoglossa merriami Dickerson, 1914 — Eercoglossa 
X. metajleuriausi Douvillé, 1929 — Eutrephoceras 
X . meyrati Ooster, 1858 — Cenoceras 
X . 7nikado Krenkel, 1910 — Cymatoceras 

Paracymatoceras milleri Humphrev, 1949 — Paracymatoceras ? 

A\ mjatschl'oivanus Loesch, 1914 — Paracenoceras 
X. mojsisovicsi Neumayr, 1870 — Cymatonautilus 
X. mokattamensis Foord, 1891 — Cimomia 
A\ molli Douvillé, 1920 — Angulithes 

Eutrephoceras montanensis Kummel, 1954 — Eutrephoceras 
X. moni molli ni Pictet and Campiehe, 1859 — Eutrephoceras 
X. morcaui d’Orbigny, 1842 — Paracenoceras 
Aturia morrissi Alichelotti, 1847 — Aturia 

Paracenoceras mullerriedi Sánchez Roig, 1951 — Paracenoceras 

X. multiseptatus Foord and Crick, 1890 — Cenoceras 

X. munieri Choffat, 1886 — Angulithes 

Aturia myrlae Hanna, 1927 — Aturia 

Aturia narica Vredenburg, 1925 — Aturia 

X, nebrascense Aleek and ílayden, 1862 — Cymatoceras 

X. neckerianus Pictet, 1847 — Cymatoceras 

X. negama Blanford, 1861 — Cymatoceras 
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X. negritensis Olsson, 192S — Gimomia 

X. neocomi.ensis d ’Orbignv, 1840 — - Cymatoeeras 

X. ncohispanicum Burekhardt, 1925- — Cymatoeeras 

X. nvubcrgicus Redtenbaelier, 187,3 — Eutrcphoceras 

X. obcsus J. Sowerby, 1810 — Genovevas 

X. obstructus Deslongehamps, 187s- — Genovevas 

Xautilus (Cymat overas? ) occlnsiis Crick, 1907 — ( 'ymatoevvas 

Aturoidea olsson i Miller, 1947 - Aturoiiha 

X . oppeli Zittel, 1808- — Ps< ndaganid/ s 

X. orb i vula t us Tuomey, 1854 — Uercoglossa 

X . orbigmji Prinz, 1900 — Genovevas 

Entre phocerus oregonrnse Miller, 1947 - Eut rephoveras 

X. ovnatus Foonl and Crick, 1890 — Genovevas 

X. ovnatus var. atanati tisis Pin, 1914 - Genovevas 

Eutvephovevas ocoideum Crick, 1907 — E ntvephoeeras 

Atavia pamamensis Miller, 1947 — Atuvia 

X. parabólicas Sehaflumtl, 1S63 — Angulithcs 

X. parótidas Sehafhiintl, 1863 — Giniomia 

X. pavetoi M. Gemmellaro, 1911 — Genovevas 

X. pa risica sis Peshayes, 1S66 — Entre plioveras 

X . parl’insoni Edwards, 1849 — - Al uro i di a 

Atavia paronai Rovereto, 1900 — Atuvia 

X. pateas Kner, 1S50 — Gymatoccros 

X. pauvifex Cope, 1866 Aturoidea 

X. parlo ivi Arkhanguelsky, 1904 — Uercoglossa 

X . pdlcrensis Vialli, 1937 — - Pscudaganides 

X. pevinflatus Foonl and Crick, 1S90 — Genoceras 

X. perlatus Morton, 1834 — Eutrcphoceras 

X. pernambucvnsis Maury, 1930 — Gimomia 

X . pvrornatus Crick, 1894 — Cenocevas 

X. perstriatus Steuer, 1921 — Cymatoecvas 

X. pevtextus Dumortier, 1S67 — Genoceras 

Atavia peruviana Olsson, 1928 — Atuvia 

JIvvvoglossa peruviana Berrv, 1923 — llervoglossa 

X. ( Uercoglossa ) phosphativus Bédé, 1933 — Gimomia 

X. pictvti Karakasch, 1907 — Pseudocenoceras 

X. pictcti Oppel 1865 — Aulaconantilus 

X. pier santii Sergio, 1933 — Entrépito ceras 

Aturoidea pilsbryi Miller and Thompson, 1935 — Aturoidea 

X. písanos Fucini, 1895 — Genoceras 

Eutrcphoceras planoventer Stephenson, 1941 — Entvephoceras 
X. plicatus Fitton, 1S35 — Eucymatoceras 
X. polygonalis J. de C. Sowerby, 1826 — Conocerás 
Uercoglossa popenoei Miller and Downs, 1950 — Uercoglossa 
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y. portlandicus Foord and Crick, 1S90 — Pscudagetnide s 

X . postriatees Prinz, 190(3 — Cenoceras 

Ataría pracziczac Oppenlieim, 1903 — Ataría 

Ataría preaturí (Cuvillier) 1935 — Ataría 

X. profundisiphites Prinz, 1906 — Cenoceras 

Paretccnoceras prohexagonum Spatli, 1935 — Paracenoceras 

X. (Cymat aceras ) pscadoatlas A'abe and Shimizu, 1924 — Cymatoceras 

X . pseudobouchardianas Spengler, 1910 — Cimomia 

X. pseudoelegans d’Orbigny, 1840 — Cymatoceras 

X . pseudolineatus Foord and Crick, 1S90 — Conocerás 

X . (Cymatoccras) pseudoncgama Spengler, 1910 — Cymatoceras 

Cymatoccras pseudoneolcomiensc Shimizu, 1931 — Cymatoceras 

X . pseudorngosns Pia, 1914 — Conocerás 

A\ pseudotr anéalas Crick, 1921 — C enaceras 

X. (Pscudaganides) pulchcUus Jcannet, 1951 Psendagnnides 

Obinautilus pulchra Kobayashi, 1954 — Obinautilus 

Cimomia pusilla Haas and Miller, 1952 — Cimomia 

X. quadrangidaris Pia, 1914— Cenoceras 

X. quodrUinentvs Favre, 1869 — Kntrephoceras 

Ataría radiata Bellardi, 1872 — Ataría 

X. radíalas J. Sowerby, 1822 — Cymatoceras 

X. rangei Iloppe, 1922 — Heminautilus 

Ent rephoceras recsidci Stenzel, 1940 — Entre phoceras 

X . rrgalis J. de C. Sowerby, 1843 — Eut rr phoceras 

X. rrgaJaris Schaflílutl, 1S63 — - Entre phoceras 

X . restrictas Griepenkerl, 1889 - — Ent rephoceras 

X. rcsnpinat as Redtenbacher, 1S73 — Entrephoceras 

X. rhodami Roax, 1848 — Paracenoceras 

Aturia richardsi Aliller, 1947 — Ataría 

X. ricoreh anas d’Orbigny. 1S47 (i n Kiiian and Reboul 1915) - Hercoglos 

X. robustas Foord and Crick, 1890 — Cenoceras 

X. roemeri Loeseh, 1914 — Pscudaganides 

Dedtoidonantilns rogeri Aliller, 1951 Angalithes 

X. rogeri Loeseh, 1914 — Pseudaganietcs 

X. roltandi Leymerie, 1846 — Angalithes 

X. rolUeri Loeseh, 1914— Parace naceréis 

X. romcroi Ihering, 1903 — Cimomia 

X . rotee Blanford, 1861 — Paracymatoceras 

Digoniocerus rotundum Hyatt, 1894 — Cemoceras 

X . rotundas Crick, 1898 — Cenoceras 

Alaria rovasendiana Parona 1S99 • — Ataría 

X . royeri de Loriol, 1872 — - Pscudaganides 

X. rnpatus Fritseh and Schlonbach, 1872 - DrJtocymatoce ras 

X. rugosas Bnvignier, 1852 — Conocerás 



KÜMMEL : P0ST-TR1ASSIC NAUTILOID GENERA 



341 



.Y. salía riensis Keller, 1932 — Cimomia 

Cymaton ra.s ,s akalavum Collignon, 1949 — • Cipnatoceras 

X. «anfilippoi Sementino, 1932 — Eutrephoceras 

X . saitleri Krenkel, 1910 — Paraccnoeeras 

X. saussur canas Pietet, 1847 - Cymatocera.s 

X. sa.rbii Morris. 184S — 1 Ieminautilus 

X. screqitrcnsis Tavani, 1942 — (’ pina toberas 

X . schattenbi rgi Kuhn, 1930 - Parar* noceras 

X . srhlosscri Loeseh, 1914 — Pseudaganidis 

X. sehiotheimi Lo seh, 1914 — P. senil a ya nicles 

A*, schh&tibergeri Terquem, 18.45 — Cenoeera.s 

X '¡chmidti Giebel, 1852 — Cenare roa 

X.schneidi Loeseli, 1914 P.sc mi a gañid* s 

X . .s chusteri Loescli, 1912- - Paran noceras 

X. schiralmi Priuz. 1900- - Conocerá. s 

X . srhirrinf urthi Quaas. 1902 — Aturoidca 

X . schu c rtscJdagt ri Loesdi. 1912 — Pscudagan idt . s 

A', se cerní ndus Pia, 1914 — Ce /loceras 

X . seelandi Penecke, 1884 — Cimomia 

X. (Cymaton ras) ai milobatus Speugler. 1910 - Cymatoreras 

X. ai luiornat ita (Yak, 1S9S — Ciuareras 

X. se miatriat na d '*( Jrbigny, 1843 Cnioceras 

X . se mi un dat us Foonl, 1891 — Cymat aceras 

X. si mseifi Prinz, 1904 - ('moceras 

A . .sv negad 'tisis Douvillé, 1920 — Angulithes 

Cimomia septemeaatrensis líaas and Aliller, 1952 — Cimomia 

X. si rpentinus Blanford, 1801 — Aturoidca 

X. sexeari-natus Pietet, ISO" — Aulaconautilns 

A . sharpei Schliiter, 1870 — Cymatocera.s 

X . sicilus Genmiellaro, 180s — Paraccnoeeras 

Un coylossa sinticnsis Yokes, 1937 - Ilereogloaaa 

E nt repitan ras simile Spatli, 1953 — Eutrephoceras 

A . simillimus Foonl and Criek, 1890 — Conocerás 

X. sindiensis Yredenburg, 1928 - Cimomia 

Di Halda na titilas singularis Haas and Aliller, 1952 - Angulitlies 

X . si-u ualo plica tus (ieinitz, 1843 — Cy matoco as 1 

X. sinnatus SoAverbv, ISIS Ps< udaganidt s 

X. .sinuosas Roemer, 1830 — Paraeenoeiras 

E al rcphoctras sloani Reeaido, 1924 — Eutrephoceras 

X . smithi Foord and Criek. 1S90 — Conocerás 

X. somalien.sis Xe^ton, 1925 — Angulithes 

Alaria somaliensis Haas and Aliller, 1952 — Ataría 

X. soiccrbyanus d’Orbigny, 1840 — Angulithes 

X. soicrrbyi Wetherell, 1830 — Angulithts 
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DcJtoidonautilus spathi Haas and Miller, 1952 — - Angulithes 

X. (Paraturia) spathi Yredenburg, 1928 — Aturoidca 

X. sphacricus Forbes, 1846 — - Eutrephoceras 

Woodringia splendens Stenzel, 1940 — Ucrcoglossa 

X. spreafieoi Parona, 1897 — Cenoceras 

X. staadti Cossmann, 1902 — Eutreplioceras 

X. staffclber penáis Kulin, 1936 — Paracenoceras 

Vorticoceras stautoni Scott, 1940 — lleminautilus 

X. steinmanni Morieke, 1894 — Cenoceras 

X. stephensoni Dickerson, 1914 — Eutrephoceras 

X . steveni Karakasch, 1907 — Eucymatoceras 

X. stoppanii Parona, 1897 — Cenoceras 

X. strambergensis Oppel, 1S65 — Pseudaganides 

X. straticostatus Crick, 1907 — - Cymatoceras 

X. si ría tus J. Sowerby, 1817 — Cenoceras 

X. strictcumbiUcatus Stehépinsky, 1943 — Eutrephoceras 

X. stromeri Loescli, 1914 — Pseudaganides 

X. stschurousl'ii Milaschevitc-h, 1877 — Eucymatoceras 

X. sturi Hauer, 1856 — Cenoceras 

X . subalbensis Sinzow, 1913 — Anglonautilus 

X. subbiang itlatus d’Orbignv, 1850 — Pseudaganides 

X. sablear i ansian us d’Arehiae, 1850 — Angulithes 

X. ( Paracenoceras ) subhexagonus Jeannet, 1951 — Paracenoceras 

Eutrephoceras subinfiatus d ’Orbigny, 1850 — Eutrephoceras 

X. sublaevigatus d ’Orbigny, 1840 — Eutrephoceras 

X. subpUeatus Philippi ( in Sleinmann, 1895) — Eutrephoceras 

Cimomia subrecta Miller and Thompson, 1933 — C i momia 

¿Y. subrotvndits Criek, 1898 — Cenoceras 

X. subsiuuatus d ’Orbigny, 1850 — - Pseudaganides 

X. subtnnicatus Morris and Lyeett, 1850— Proeymaloceras 

X. subt runcatus Prinz, 1906 — Cenoceras 

X. súdense Whiteaves, 1879 — Cymatoceras 

Cimomia sudanensis Miller, 1951 — Cimomia 

X. szontaghi Vogl, 1910 — Eutrephoceras 

X. tamúlicas Kossniat, 1897 — Angulithes 

A . tcnnicostatus Sehlüter, 1876 — Cymatoceras 

X. terehratus Dumortier, 1874 — Cenoceras 

Cimomia tessieri Miller, 1951 — Cimomia 

X. texanum Shumard, 1860 — Paracymatoceras 

Eutrephoceras thomi Reeside, 1927 — Eutrephoceras 

X. thyrren us Tagliarini, 1901 — Cenoceras 

X. toarccnsis d’Orbigny, 1849 — Cenoceras 

Deltoidonautilus togoensis Miller, 1951 — Angulithes 

A furia tokunagai Sliimizu, 1926 — Aturia 
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A*, tourtiae Sehliiter, 1876 — Cymatoceras 

Atarla ( Brazaturia ) triangulata Steiize!, 1935 — Aturia 

A\ triangularía Montfort, 1S02 — AnguUthes 

X. tricarinatus Vaclász, 1911 — Cenoceras 

X. trichUiopolit ensis Blanford, 1S61 - Paracymatoceras 

X. trnncatus J. Sowerby, 1816 — Cenoceras 

X. tslcaltsithelcnsis Eouehadzé, 1931 — Cymatoceras 

Xeocymatoc.eras tsukushiense Kobayashi, 1954 — Cymatoceras 

X. tubingcnsis Loescli, 1914 — Pseudaganidcs 

X. tumescens Frauscher, 1895 — Eutrcphoceras 

Ilercoglossa tuomeyi Clark and Aíartin, 1901 — Hercoglossa 

X . turcicus Krumbeck, 1905 — Cimomia 

X. turkeryi Gemmellaro, 1SS6 — Pseudaganides 

Aturia (Brazaturia) turneri Stenzel, 1940 — Aturia 

Platynautilus tyósiensis Yabe and Ozaki, 1953 — Hcminautilus 

Eutr.ephnceras vitenhagense Spatk, 1930 — Eutrcphoceras 

Enclimaioceras ulrichi Wkite, 1SS2 — Ilercoglossa 

X. umbilicgris Desliares, 1S35 — Eutrcphoceras 

Cymatoceras undulatiformis Spath, 1927 — Cymatoceras 

X. undulatus J. Sowerby, 1813 — Anglonautilus 

X, urbanas ,T. de C. Sowerby, 1843 — Eutrcphoceras 

X. vaclsensis Biiickhorst, 1861 — Epicymatoeeras 

Xautilopsis vanuxemi Coiirad, 1847 — Aturia 

X . vastas Kner, 1850 — Eutrcphoceras 

X. vaughami Gardner, 1923 — Cimomia 

X, v entroplicatus Foord, 1891 — Cymatoceras 

Cimomia vestali Miller and Thompson, 1933 — Cimomia 

X. vicentinus Oppenlieim, 1901 — Eutrcphoceras 

X. victorianus Teichcrt, 1943 — Eutrephoceras 

Aturoidea vicirai Aliller, 1951 — Aturoidra 

A*, vinassai Venzo. 1937 — Eutrcphoceras 

A\ (Cymatoceras) virgatus Spengler, 1910- Cymatoceras 

V. volgc-nsis Xikitin, 18SS — Paracenoeeras 

V. t caageni Gemmellaro, 1886 — Cenoceras 

Ilercoglossa iralteri Aliller, 1947 — - Ilercoglossa 

X. vandaense Waagen, 1873 — Paracenoeeras 

Hercoglossa icaringi Aliller, 1947 — Hercoglossa 

X. ir estph al i cus Schlüter, 1872- — Angulithes 

X. (Paracenoeeras ) u'ilmae Jeamiet 1951 — Paracenoeeras 

X. tcoodsi v. Hoepen, 1921 — Cymatoceras 

X. icyUei Newton, 1925 — Cimomia 

Aturia yokoyamai Xagao, 1926 — Aturia 

X. ziczac J. Sowerby, 1812 — Aturia 

X . zignoi Gemmellaro, 1SS6 — Cenoceras 
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.V. zitteli Gemmellaro, 1SS6 — Cenoceras 
Tithonocevas zitteli Retowski, 1894 - - Tithonoccrns 

The following are speeies for whieh t he available data is insuf- 
fieient to place them in a aenerie group with anv degree of 
certainty. 

A\ asticrianux d’Orbiguy, 1850 

X. (Jeljiliinus Forbes, 1840 

.V. fricator Beek, 1S35 (nomen nudum) 

X. hart manni Loeseh, 1914 (nomen nudum) 

X. hcrbertinua d’Orbigny, 1850 
X. inat qvaUs J. SoTverbv, 1813 
X. krcnkeli Loeseh, 1914 (nomen nndum) 

X . marcoui d’Oibigny, 1S50 

A', matheronianus d ’Orbigny, 1841 

X. ñau fragua Craigin, 1905 

A*, nobilis s Aliinster (see Foord, 1891, p. 326) (nomen nndnm) 

A', normunnicus Loeseh, 1914 (nomen nudnm) 

A*. ¡)*( mloganiliciix Loeseh, 1914 (nomen nndum) 

A*, retixsii Fritsch and Sehlonbaeh, 1S72 
X . staff clbergcmis Loeseh, 1914 (nomen nndum; 

A\ snmatra ñus Zwierzyeki, 1915 
A’, tenuiplanutus Dana, 1S49 
X. ralcncit nnii 11 upé ( hi Gay, 1854 ; 

X. varusensis d’Orbigny, 1850 
X. ircpfrri Loeseh, 1914 (nomen nndum) 

EVOLUTIOX 

Evolutioiiary pat tenis, characterized hy almost complete ex- 
tinetion followed by adaptive pilases witli botli eruptive and 
stable periods, are well displaced in the general liistory of the 
( 'eplialopuda. Few other invertebrate groups display sneh 
marked expansión and eontraetion in their evolution. Within 
tile ammonoids, periods of abrupt eontraetion, eharacterized by 
mass extinetion of most evolving linos, oecurred in tile late 
Fermian and in the late Triassie. Complete extinetion of tln* 
group carne at the end of the ( 'retáceme. Within the ammonoids 
each of the two earlier periods of near extinetion was followed 
by an even greater evolutionary radiation. 4'liis is well illus- 
trated by the number of genera involved in each of these phases : 
tliere are 172 genera of ammonoids of Devonian to Permian age, 
370 in the Triassie, and 1228 in the durassic and Cretaeeous. 
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me parallelism to the am mono id historv in tlir 
e nantiloids; however, in the latter o*ronp instead 
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of an ever expanding evolutionary complex, the nantiloids ex- 
perieneed their widest radiation in the Ordovician relatively 
soon after their appearanee in the T T pper Cambrian . Soon after 
this period of máximum expansión, there set in a steady, gradual 
eontraetion in numbers and diversity of taxonomie units (Fig. 
1). There is no wave of extinetion toward the end of the Paleo- 
zoica in fact the whole evolutionarv pattern of Triassie nantiloids 
is really a eulmination of trends begun baek in the Carboniferous 
(Kummel, 1953c). Tlnis the evolutionarv pilases at the transi- 
tion from the Paleozoie to the Mesozoie are (piite different in 
the ammonoids and the nantiloids. Ilowever, toward the end of 
the Triassie most of the long-persisting Carboniferous to Triassie 
stocks beeame extinet. This pitase of the evolutionarv liistory 
of tile nantiloids has reeently been diseussed by Kiuninel (1953c). 
There are, in faet, no Rlmetie nantiloids known. 

The earliest marine deposits of the Jnrassie contain a very 
homogeneous nautiloid launa of nearly world-wide cistribution. 
Insofar as nantiloids are eoneerned, there inust have existen 
at the transition period from the Triassie to the Jnrassie an 
eeologie vacuum. A single stock survived this transition period 
from the Triassie (Kuinmel, 1953b), and in the early Jnrassie 
(Lias) an intensified and new evolutionarv radiation took place 
(Fig. 2). The early Jnrassie stocks are quite clearlv of a single 
genetie complex, Imt at the same time show a wide adaptive 
range in terms of eoneh shape, size, suture, and shell eharaeters. 
All these features refieet and express tlie wide adaptive radiation 
that took place at this time. Whereas there is very little factual 
data available as to the adaptive signiíieanee of most morphologi- 
cal features it seems only logieal to eonclude that the various 
eoneh sliapes, etc., represent adaptations to a speeifie niehe in 
the marine environment. The repopulation of the early Jnrassie 
seas by nantiloids was uninhibited as far as other nautiloid 
groups are eoneerned, and the diversity of eoneh types is cogent 
testimony to the adaptation to and oecupation of many environ- 
mental niehes. 

Eruptive pitases expi’essed in terms of great jilasticity of a 
group are quite eoinmon among the ammonoids. Spat.h (1934, p. 
19) has drawn attention to the k ‘sudden burst of Geplmroeera- 
tids in the Upper Devonian of the Domanik, Southern Timan. 
In that loeality there appeared in large numbers depressed and 
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compressed, smootli and ornamented, evolute and involnte, 
rounded, square, or acute-ventered forms, and even highly 




Fig. 2. Phylogenetic diagram ilhistrating the relationships of tlie Liassio 
Xautilidae with the Triassie nautiloid families. The columns representiug 
the Triassie families ha ve been terminated at au arbitrary even line in the 
Xorian. The exaet reía t ive extinction dates of these families in the Xorian 
are not known. 

specialized oxyeones” (See Iíolzapfel, 1899). A similar sitna- 
tion is found with the earlv Triassie ophiceratids of the Ilirna- 
layas (Diener, 1897) and Greenland (Spath, 1930a. 1935a). More 
examples can be found within the durassic and Cretaceous am- 
monoids. 
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Fig. 3. Diagram showiug inferred phylogeny and geologic distribution 
of post-Triassic nautiloids. 
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Most early Jurassic nautiloids are liere considered species 
of a single genus, Cenoceras. The earliest species of Cenoceras , 
C. t rechinan ni , is from Carnian strata of Xew Zealand and is 
dcrived from the Syringoiiautilidae (Knnnnel, 1953b). Xo 
species of auy otlier Triassic stock survived into the Jurassic. 
1 n the Lias there is tlius a world-wide fauna of involnte to 
evolute, strigate to smooth forms with a wide range in whorl 
sliapes — a genetic eomplex of great plasticity. From this homo- 
geneous but plástic stock there aróse from di verse parís of the 
eomplex several distinct evolutionary lines built on specializa- 
tion of one or more morphological features. From this Cenoceras 
eomplex aróse the persisting stable stock (Eutrepho ceras) which 
gave rise to otlier members of the Xautilinae. Likewise the 
Pseudaganidinae, Paraeenoccratinae and most probably the 
Cymatoceratinae aróse directly out of the Cenoceras eomplex 
(Fig. 3). 

The Pseudaganidinae are eharacterized by their sinuous su- 
tures. Til this respect they are adaptive types like the Triassic 
Clydonautilidae, Gonionautilidae, and Siberionautilidae. They 
are likewise similar to tliese Triassic groups in tliat they show 
stability in the general form and patterns of the suture and 
great variability in eonch sliape. The Pseudaganidinae range 
from the Liassie into the Lower Cretaceous. There are only two 
genera involved in this radiation, of which Pscuclaganides is the 
main line and Pseudouautilus is a specialized offshoot of Upper 
Jurassic and Lower Cretaceous age. In the evolutionary history 
of the nautiloids from the Carboniferous to the Recent, adaptive 
trends expressed in terms of sinuous — goniatitic — sutures 
occurred at fonr sepárate times. The first is known through 
the gemís Per moceras Miller and Collinson based on Acjanidcs 
bitauniensc Tlaniel from Middle Permian strata of Timor. In 
my opinión. Pennoccras is related to the Grypoccras-Doma - 
toceras evolving stock and is an aberrant development of this 
stock. Gnjpoceras (Plitmnicroceras) Kuinmel (1953c) likewise 
liad a liighly sinuous suture with a deep ventral lobe and a deep 
lateral lobe but it has a verv evolute conch. The second radiation 
repeating this adaptive trend is that in the Upper Triassic in- 
cluding the Clydonautilidae, Gonionautilidae and Siberionautili- 
dae. All of the genera of these families inelude species with verv 
involute conehs but show great variability in conch shape. The 
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only other Triassic species witli a ‘ 'goniatitic” suture is CUj - 
menonautilus chrliclii Mojsisovics Avliieh in all features but the 
suture is allied to the Syringonautilidae. The suture however has 
a deep, tongue-shaped, narrow, lateral lobe. The Upper Triassic 
families listed above whicli inelude those involute species witli 
highly sinuous sutures, evolved from imolute, smooth forms 
witli nearly straight sutures (Parauautilidae) . 

The third radiation of this series is tliat of the Pseudaganidi- 
nae of Lower Jurassic to Lower Cretaeeous age. This group 
evolved out of some part of the Ccnoccras complex in tile Lias. 
There is almost perfect homeomorphy between Pcnnoceras 
bita ¡míense Ilaniel of the Middle Permian and Pseudonautüits 
(jeinitzi Oppel of the Upper Jurassic (Miller and Collinson, 
1953). Each however represents similar adaptive tvpes from 
difieren! root stocks and tliey are not relate*!. 

The fourth and last radiation centered on the sinuosity of 
the suture is tliat of the Ilereoglossinae and Aturinae. The 
Aturinae witli its single gemís Aiuria is a very specialized de- 
velopment out of the Ilereoglossinae. The specialization in this 
case is not so mucli on a further elaboration of the suture but 
in the development of the peculiar dorsal siphuncle. AVitliin 
the Ilereoglossinae there is a heautiful developmental series 
(nsually treated as genera) showing gradual increase in sutural 
complexity. The subfamily has its origin witli in the stable 
evolving stock of the Xautilinae represented by Eutrcphoccras 
wliich is characterized by an involute smooth eoncli witli straight 
or slightly sinuous sutures. C ¡momia of the Ilereoglossinae has 
a slightly more individualized suture and is gradational with Eu- 
trcphoccras , as it is also with Ilereoglossa wliich has very distinct 
lobes and sa cldles. Angulithcs is nierely a sagittate development 
of tliese forms. In Aturoidca the sutural individuality is earried 
slightly farther. 

The Paracenoceratinae is a small subfamily of mainly Jurassic 
age with four genera characterized by specialization of the venter. 
The main stock of this subfamily, Paraccnoccras , is nearly world- 
wide in distribution and has by far the largest number of species. 
The other genera, namely Somalina u t il u. s% Aidaeonautilus, and 
Tithonoccras are more highly specialized forms with few known 
species. in Paraccnoecras the whorl seetion is subtrapezoid, 
generally with a broad, sulcate venter. Somal iuautilns has angu- 
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lar ventral shoulders but a broad archecl venter. Aulaconautilus 
has four or more longitudinal ribs. In this respect it is homeo- 
morphous to Aulametacoccras of the Permian and Triassic. 
Tithonoccras has prominent rounded ventrolateral keels with a 
suleate venter. Paracenoccras and Somalinautilus are undoubt- 
edly derived 1‘rom distinet elements of the Conocerás complex 
but Aulaconautilus and Tithonoeeras appear to be specialized 
developments of Paracenoccras. 

One of the most sueeessful and diverse groups to stem directly 
or indirectlv from the Conocerás complex is the Cymatoceratinae. 
This subfamily comprising 10 genera ranging from the Juras- 
sic to the mid-Tertiary is charaeterized by eonehs bearing ribs. 
This is the only group of post-Triassie nautiloids to have orna- 
mentation, aside from Aulaconautilus of the Paraeenoceratinae. 
Radiation within the Cymatoceratinae is reflected in the shape 
of the coneh, suture and ornamentation. The main evolving 
stock, Cymatoceras , has an involute, rounded eonch with only a 
slightlv sinuous suture. Most of the other genera of this sub- 
family are thought to represen! various specialized groups de- 
rived from Cymatoceras. Paracymatoceras has a more sinuous 
suture, in fact much like that of Hcrcoglossa , and on even this 
feature it is gradational with Cymatoceras. Those forms dif- 
Ferentiated on the basis of coneh shape inelude Heminautilus , 
Deltocymatoccras (n. gen. p. 438). Epicymatoceras (n. gen. p. 
439) and Cymatonautilus. Herminautilus has a compressed in- 
volute eonch with a higlily sinuous suture, that has deep ventral 
and lateral lobes. Deltocymatoccras is a homeomorph of Anyu- 
lithes with a sagittate whorl section. Epicymatoceras has an 
evolute, liighlv compressed coneh with a subrectangular whorl 
section. Cymatonautilus has a concave venter and eoncave lat- 
eral areas. Those genera differentiated on the basis of modifica- 
tion of the ribbing pattern inelude Eucymatoceras , Anylonau- 
tilus , Procymatoceras , and Syrionautilus. In Eucymatoceras the 
ribs form prominent V-shaped salients on the venter and flanks. 
ín Anylonautilus títere are coarse folds on the venter whereas 
Procymatoceras has a rapidly expanding robust eonch with 
ribs mainly on the lateral areas. Syrionautilus has peculiar 
shaped ribs with wide interspaces like that of Proclydonautilus 
spirolobus of the Triassic. Cymatonautilus and Procymatoceras 
are Jurassic developments, the remaining genera mostly Cre- 
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taceons. 1 11 íaet the most widespread and eharacteristic nautil- 
oids of the C retaceóos are genera of the Cymatoceratinae. 

Thinking of the Cymatoceratinae as representing a single 
genetic unit with its origin within the C'cnoceras complex, and 
having as the hasie eommon denominator the ribbing pattern, all 
of the di verse morphoiogic types represcnted by the varioiis 
genera reflcct a broad adaptive radiation whieh produced numer- 
ons homeomorphs of other genera of the Nantilidae. 

The most persistent stock evolved from the early Jurassie 
C en oceras complex is that of Entre phoccras. This genus has a 
world-wide distribution and ranges in time from the I T pper 
-Jnrassic to mid-Tertiary. It and Cijmat occrets are the most com- 
mon post-Triassic nantiloids. Somc 90 so-called species, assigned 
to this gemís, have been deseribed. The genotype has a tightly 
involute, subglobular, smooth conch with a nearly straight 
suture. This basic, very simplified, conch pattern hecame modi- 
fied either by greater compression, depression or by slightlv 
looser coiling. The variants, however, on the basis of the record 
available appear to be complot ely random in their chronologie 
or geographic distribution. Eacli such variant has usual ly been 
treated as a distinct species. The geologic record thus shows the 
occurrence of nantiloids with the hasie, simplified, globose conch 
persisting from ITpper Jurassie to mid-Tertiary time and with 
numerons variants of this basie pattern. 

Whereas the suture is generallv straight or nearly so there are 
gradational forms to C ¡momia. Data are not available as to 
whether there is any particular chronologie or geographic rela- 
tionship in regard to the sutural variants, whieh appear to be 
eompletely random as is the case with conch form. 

The eutrephoceratids are thus a persisting generalized stock 
whieh aróse from the C moceras complex, and they show no par- 
ticular adaptive trends throughout their history. They do show, 
however, a certain variability in conch shape and suture. The 
group has the longest range of any of the post-Triassic nau- 
tiloids. It is from this persisting generalized form that the re- 
maining more specialized genera and subfamilies aróse. The 
most important oífshoots are the genus Xautilus and the whole 
subfamily Hercoglossinae. The nature of the evolutionary pat- 
tern from Eutrephoceras to ('¡momia is not easv to decipher. 
The onlv significant difference is the degree of sinuosity of the 
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suture, that in Eutreph aceras being straight, or nearly so, and 
that in Cimomia having a distinet lobe and saddle on the lateral 
areas. Tliere are gradational forms between tliese two genera. 
The time range of the two genera is approximatelv the same, 
Cimomia being slightly younger in origin. ít seems quite clear 
that Cimomia aróse from Eutreplwccras but whether or not there 
was a single time and point of origin in the late Jurassic, or if 




Fig. 4. Bar ehart showing total numbev of genera of nautiloids present 
in eaeli series of the Mesozoic and Tertiary (light stippling) and number 
of iiew genera appearing for the first time in each series (dense stippling). 
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there were mimerotis times of origin, throughout the Cretaceous 
and Tertiary eannot be told from the kind of data available. 
The alternatives are a parallel evolutionarv pattern of the two 
genera or a eonsideration of these transitional forms of suture 
( Cimomia ) as a form genus including numerons distinct radia- 
tions from the eutrephoceratid evolving stock. 

Iterative patterns of evolution are recognized within the Car- 
boniferous through Triassie nautiloids. AVith these nautiloids 
three main, slowly-evolving, persisting stocks are recognized, 
namelv the Domatoceras-Gnjpoccras line, the Mefacoceras-Mojs - 
varoccras line, and the Liroceras-Paranautüus line. Each of 
these stocks has a relativelv large number of species (which is 
merely an indieation of relativo abundance) and is widespread 
geographieally. Throughout their history thev show only rela- 
tivelv minor evolutionarv changes. Each of these lines repre- 
sents a stable, slowly-evolving, but persisting parent stock of 
their particular family groups. These lines are the evolutionary 
reservoirs from which otlier, generally more specialized, groups 
evolved. The oífshoots most often are adaptations aceentuating 
one or more generalized eharacters of the parent stock. Most of 
the oífshoots are forms with few species and limited geographic 
range. However, some of these oífshoots became in themselves 
virile, evolving stocks, each with a wide adaptive range and 
many species (e.g. Pleuronautilidae from the Metacoceras-Mojs- 
varoceras line and the Clydonautilidae from the Liroceras-Para- 
nautilus line). 

The Eutrephoccras stock gave rise to four other small and 
aberrant groups, Pseucloccnoccras , Obinautilus, Carinonautilus , 
and Xa útil us. Pscndocc naceros is a eompressed form somewhat 
evolute and with an arched venter, flat tened sides and steep 
umbilical shoulders. Carinonautilus is a much eompressed form 
with a prominent rounded keel. lt is a monotypie form from 
Upper Cretaceous strata of South India. Obinautilus is another 
monotypie form recently described by lvobayashi from Oligoeene 
strata of Japan. It is a much eompressed involute form with 
a shallow but distinct furrow on the venter. Tliis genus is still 
very incompletely known since on the type and only available 
specimen neither the suture ñor position of the siphuncle is 
preserved. 

Xo fossil species are assigned to the genus Na útil us. Xo Plio- 
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cene or Pleistoeene nautiloids are kuown. Several speeies of 
Eocene, Oligoeene, and Mioceno age llave been at times assigned 
to X (tul Hits bnt all of these are liere eonsidered as liaving eloser 
affinities to tlie persistiiiír eutrephoeeratid stock than to modero 
speeies of Xautilus . 

TABLE 1 
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Cenocevas 

Eutreplioeeras 

Psciidoecnoce a 

Carmoiiautilus 

Obinautilus 

Xautilus 

Pseudaganides 

Pseudonautilus 

Paraceiioeeras 
Aulacouautilus 
Tithonoceras 
Soma lina útil us 



Cyma loceras 
Paraeyuiatoeeras 
Proeymatoceras 
(’yma tona útil us 
A nglonautilus 
Eucymatoeeras 
Syrionautilus 
Mein i n a útil us 
Deltoevmatoeeras 
Epieyma toreras 

Cimomia 

Angulithes 

Hercoglossa 

Aturoidea 



x x 

x x 

x 
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Aturia 
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The geologic range of the genera of post-Triassic nautiloids is 
summarized on Table 1, and the bar chart of Figure 4 shows the 
nnmber of genera and number of new genera per series división 
of the Jurassic, Cretaceous, and Tertiary. This bar chart clearly 
brings out the inereasing adaptive diversity of the nautiloids in 
tlieir resurgence after their near extinction in the late Triassic. 
There is a gradual inerease in nnmbers of new types throngh the 
Jurassic. However, of the total of 11 genera in the Upper Juras- 
sic, only 3 ( Eutrephoccras , Paracymatoeeras and Cimomia) are 
still destined for a long history. More than half of the total Upper 
Jurassic fauna (6 genera) do not survive into the Cretaceous 
and 2 genera ( Pscudonautilus and Paracenoccras) have their 
main evolutionary play in the Upper Jurassic with only a few 
species known from Lower Cretaceous. Thus the Jurassic faunas 
are replaced in the Cretaceous by new phyletic lines, mainlv of 
the Cymatoceratinae, with a much smaller portion from the 
Xautilinae and Ilercoglossinae. By the earlv Tertiary the cyma- 
toeeratid radiation is almost at an end, with a single surviving 
species in the middle Tertiary. Only one new genetic unit, the 
Aturinae, comes into the pieture in the Paleoceno; this became 
by mid-Tertiary time the most conspicuous element of the fauna. 
Earlv Tertiary time was the hevday of the Ilercoglossinae; how- 
ever, the origin of all members of this radiation is well down in 
the Cretaceous. Wherever earlv Tertiary faunas are fonnd, 
members of the Ilercoglossinae are the principal elcments; the 
great number of species of this subfamily for the earlv Tertiary 
merely reflects the large amount of study concent rated on them 
in recent years, especially by Miller. 

Thus from this sunnnary pieture, post-Triassic nautiloid evo- 
lution took place in three successive waves, one in the Jurassic, 
another in the Cretaceous, and the last in the earlv Tertiary. 
Each wave introdnced new genetic lines whieh gradually re- 
placed existing or previous lines. The Jurassic and Cretaceous 
radiations are of approximately equal magnitude ; that of the 
earlv Tertiary is greatly reduced. AVhether or not Xautilus 
sliould be eonsidered an additional radiation is a moot question. 
Of the derivations from the eutrephoceratid surviving stock only 
the Ilercoglossinae liad an extensive evolutionary history. The 
other offshoots including Xautilus are either monotypic or repre- 
sented by few species of no great geographic or stratigraphic 
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range. It seems highly likclv that Xautilus will folltnv tliis same 
late. 

In most of tlie principal ovoliitionarv trends of tile post-Trias- 
sic nantiloids tlie maiii evolving stock of eaeh subfamily is repre- 




Fig. 5. Bar chart showing total number of species of nantiloids for eacli 
series of Mesozoie and Tertiary. 

sented by t lie largest number of species, vritli the otber genera 
having onlv a fraetion of tliat amount. Thus of the Xautilínae, 
('ennecias and Entre plioceras liave by far the largest number of 
species. ín the Paracenoceratinae. it is I'nramwccras : in the 
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(i. Ueogrnphic distribution of species of the gemís Cenoceras m 
fornintions of Lower and M iridie .Turassie age. 
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i<ig. 7. üeograplnc rfistributiou or apenes ot* thc genus Kntrephoceras 
in formal ions of TTppcr Jurassic, Oretaceous, and Tertiary age. Cireles= 
Tertiarv; l(*ft half ri reíos Creta (•eou'* ; right half emdesrzrJnrnssie. 
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Cymatoceratinae, it is C y ¡nat oceras; in the Pseudaganidinae it is 
Pscudaganidcs , and in the Ilereoglossinae it is Cimomia that has 
the greatest number of species. The Aturinae has only the gemís 
At uria. In spite of the unsatisfactory nature of onr understand- 
ing* of most nautiloid species, these named units do express 
morphologic diversitv, geographie range, and general abundanee 
in nautiloid faunas of these periods. These data likewise tend 
to substantiate the tliesis presentad here for persisting, evolving 
stocks of wide geographie distribution from whieh more re- 
stricted adapted tvpes evolved. On Figure o are summarized the 
number of species per series of the Jurassic, Cretaceous, and 
Tertiary. Except for the larga number of earlv Tertiary species. 
interpretad liare as a monographic liigli, this bar cliart refieets 
verv well the bar cliart on distribution of genera during this 
time span. 

SYSTEMATIO PA LEOYTOLOGY 

Family XA FT í 1 d I) A E dOrbigny, 1840 

This family is interpreted here. to inelude all post-Triassie 
nautiloid genera, whieh are placed in six subfamilies: Xautilinae 
(FOrbigny, Pseudaganidinae nov., Paracenoeeratinae Spath, 
Cymatoceratinae Spath, Ilereoglossinae Spath, and Aturi- 
nae Hyatt. The ove rail evolutionarv pattern of post-Trias- 
sic nautiloids with the plástic Ce Haceras complex of the earlv 
Jurassic from whieh developed direetly or indirectly several 
distinct phyletie trends produced a very homogeneous evo- 
lutionary nnit. The subfamily units are adaptive trends inter- 
prated for the most parí on the basis of single eharacters — in 
the Cymatoceratinae it is the prcsence of ribbing; in the Para- 
eenoceratinae it is elaboration of the periphery ; in the llerco- 
glossinae and Pseudaganidinae it is elaboration of the suture; 
and in the Aturinae it is the unique dorsal siphnncle and its 
structure. Xone of these trends is rcally a major shift in the 
evolutionarv complex but eaeh is more in the nature of elabora- 
tion of genetic potentials in the evolving parent stocks. It tlnis 
seems that the taxonomic ranks used here refleet the phylo- 
genetic picture. 
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Subfamilv XAUT1L1XAE d’Orbigny, 1840 

The Xautilinae ineludes among its genera the earliest forms 
and the latest and living speeies of the Xautilidae. Thus in the 
history of tliis subfamilv we liave the origin of the Xautilidae, 
the persisting stock which gave riso to the remaiuing subfamilv 
units. and the few living speeies represented by the relie gemís 
Xautilus. The genera ineluded in the Xautilinae are: Xautilus , 
Conocerá. s, E utrephoccras , Pseudocenoceras , Carinonautilus , and 
Obinautilus. Conocerás is the plástic evolving eomplex which 
survived the great period of extinction at the end of the Triassic 
and experieneed a very intense radiation in the early Jurassic. 
From the C( noccras eomplex aróse the Pseudaganidinae, Para- 
cenoeeratinae, and probably the Cymatoeeratinae. Eutreplio- 
ceras is interpreted as a slowly evolving, long persisting, general - 
ized stock also derive! from the Conocerás eomplex and from 
which the remaining members of the Xautilinae were derived 
])lus the llercoglossinae. 

('arinonautihts and Obinauiilus are monotypic ; Pse udoceno- 
et ras has 8 speeies. and XeiuiiUfs only 5 speeies (all líecent). 
líowever. Conoceros has 07 speeies and Entre ph aceras 90. This 
irreat number of speeies (or named units) refleets the wide geo- 
g rapiñe range, morphologic diversity and relative abundance of 
these two genera, ('c noce ras is mainly confined to the Lower and 
Middle Jurassic (with one Upper Triassic [Carnian] speeies), 
and E utrephoccras ranges from the Upper Jurassic into the 
Mioceno. Prnth genera have world-wide distributions (Figs. 6, 
7). 



Genus (JeXOC’EKAS llyatt, 1883 

Conocerán Hyutt, 1883, pp. 3 OH 301. 

Cenoccras Hyaít, 1894, p. 350. 

Digonioc-cra s Hyutt, 1894, 548 549. 

Xautilites Prinz, 1906, p. 201. 

Cenoccras Spatli, 1927a. pp. 20 24. 

Ophionautilus Spatli, 1927a, pp. 21, 24. 

Sphaeronautilus Spath, 1927a, pp. 21, 24. 

C moceras Flower and Knnnnel, 1950, p. 615. 

Bisiphytes (C< noccras) Kummel, 3 954, p. 322. 

Tupe speeies. Xautilus intermedias d’Orbigny non Sowerby=A\ orbignyi 
Prinz (1906, p. 2131. By orig'nnl designa tion. Type illnstraíion repro 
rlnced on Píate 1, figs. 1. 2. 
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The gemís Conocerás is liere interpreted to inelude those nau- 
tiloid species of the Liassie and Inferior Oolite that are part of 
the evolving complex whieli survived the Triassic and which in 
the great plasticity oí* the group refleet an extensive adaptive 
radiation. It is from th is verv plástic adaptive unit that the 
more atablo, more elearly defined evolntionary lines evolved. 
The nautiloids nearly hecame extinet at the end of the Triassic. 
A single surviving line derived from the Syringonantilidae gave 
rise to the solé surviving stock (Spath, 1927a, p. 23; Kummel, 
1953b). This surviving stock entered an environmental vacuum 
(insolar as nautiloids are concerned) in the earliest Jurassie. 
The re-occupation of the di verse ecological niehes available for 
a homogeneous unit stock gave rise to many morphologieal types, 
especially in regard to con (di form. It is not possible at this time 
to decipher the individual evolntionary lines within the mam 
complex. There is a complete range of variation and gradation 
in conch form, suture, position of sipliuncle, ornamentaron. etc. 
To bring the taxonomy of these nautiloids to refleet the phylo- 
genetic interpretation, all of the genera previously proposed for 
aLerrant types in the Liassie are placed in synonvmy of Ceno- 
ceras. There is no particular reason for retaining these genera 
since tlieir included species fít well within the range of variabil- 
iíy and evolutionary pattern of the genus Conoceros. 

Fig. 8. Cross seetiems of the conch of speeies of Cenoeeras. Redrawn 
from Fia (1914, pl. 8 [5]). A, C. uraris (Dumortier) after Dumortier, 
diameter 210 inm.; D, C. arariformis (Pía) after Fia, diameter 190 nmi. ; 
C, C. adnetiruft (Pía) after Fia, diameter 137 mm.; 1), C. domeykits 
(d ’Ürbigny) after d'Orbiguy, diameter 150 mm. ; E, C. stoppuni (Parona) 
after Parona, diameter 142 mm. ; F, C. baconicus (Vadász) after Yadász, 
diameter .*>0 mm. ; G y C. (ütisiphitcs (Prinz) after Prinz, diameter 60 mm.; 
77, C. jttliattus (Fueini) after Fucini, diameter 20 mm.; I. C. suiuüimu.s 
(Fooril and Criek) after Pia, diameter 107 mm. ; J, C. seeeniendus (Pía) 
after Fia, diameter 135 mm.; K, C. ornatus (Foord and Criek) vnr. 
atanatcnsis (Pia) after Pia, diameter 158 mm.; L, C. parctui (Gemmellaro) 
after 31. Gemmellaro, diameter 17.5 mm.; M, C. sp. iud. Xo. 2, after Prinz, 
diameter 65 mm.; X, C . striatus (Sowerbv) after d'Orbignv, diameter 
110 mm.; O, C. striatus (Sowerbv) after llauer, diameter SO mm. ; P, C. 
sturi (llauer) after llauer, diameter 65 mm.; Q, C. semseyi (Prinz) after 
Prinz, diameter 88 mm.; lí, C. robuslus (Foord and Criek) after Foord. 
diameter 200 mm.; S, C. geyeri (Prinz) after Geyer, diameter 80 mm.; 
T , C. fourneti (Dumortier) after Dumortier and Pia, diameter SO mm. 
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Xomenclature oí* early durassic nautiloids has an involved 
and ambiguons historv. As pointed out by Spath (1927a. p. 20), 
ilyatt’s gemís Conocerás (for the group oí* Xautilus intermedius 
d’Orbigny non Sowerby) has been nniversallv rejected, since 
IIyatt left in Xautilus s.s. otlier members of the same group, sucli 
as Xautilus striatus. Ilowcver, Spath in his 1927 revisión of post- 
Triassic nautiloids aecepted C enaceras as a distinct unit on the 
basis of IIyatt ’s (1894, p. 550) revised definition limiting Ceno- 
ceras to forms with a trigonal ananepionic, a subcpiadragonal 
metanepionie, and a dor^alJy suleate nepionic stage. At the same 
time Spath readily reeognized tliat the groups of Xautilus stri- 
alus Sowerbv and Xautilus intermedias Sowerby could not be 
diíferentiated on the shape of the coneh and they “agree in 
ornamentation, position of the siphuuHe, presence of an annular 
lobo, and chiefiy in the conrse of the septal suture” (Spath, 
1 927a, p. 20) . 

Xow for the group of Xautilus slriatus Sowerby, Spath revived 
the gemís B siphytcs ^lontfort ( 1 SOS ) . This gemís has been dis- 
eussed to a varied degree l y Spath (1927a, pp. 19-24), Miller, 
Dunhar, and Condra (1943, pp. 42, 43), Teichert (1940, p. 591) 
and Kummel (1954, p]). 322-2,24). Montfort listed as type of his 
gemís Bisiphijies rciicidafus (a. then newlv proposed speeies) 
whicli carne from Sunbernon, llurgundy (east-oentral France), 
presumably from durassie strata. As indieated by the generic 
ñame, .Montfort thought his speeimen liad two siphuneles lint the 

Fig. 1). Cross seetions of t lie ronch of speeies of Cenoeeras. Eedrawn 
from Pia (1914, pl. 9 [6]). A, C. toarccnsis (d’Orbigny) after d’Orbigny, 
diameter 240 mm. ; 7J, C. jurensis (Quenstedt) after Quenstedt, diameter 
40 mm.; C, C. sp. ind. Xo. 0, after Posen be rg, diameter 50 mm. ; I), C. 
demonensis (Gemmellaro) after M. Gemmellaro, diameter 40 mm. ; E, C. 
(i nstrinnis (líauer) after Hauer, diameter 230 mm. ; F, C. aratus (Quen 
stedt) after Queitstedt, diameter 40 mm.; G, C. meyrati (Ooster) after 
Ooster, diameter SO mm.; Z7, C . terebratus (Dumortier) after Dumortier, 
diameter 98 mm. ; /, C. yseudorugosus (Pia) after Ooster, diameter 90 
mm.; J, C\ mariani (Gemmellaro) after AI. Gemmellaro, diameter 4(3 mm.; 
K, C . rugosas (Buvignier) after Buvignier, diameter 75 mm.; L, C. asta 
coides (Yoimg and Bird) after Dumortier, diameter 112 mm.; AI, C. 
intermedius (Sowerby), diameter 200 mm. ; X, C. jourdani (Dumortier) 
after Dumortier, diameter 130 mm.; O, C. inomatus (d’Orbigny) after 
d ’Orbigny, diameter 85 mm. ; P, C. sp. ind. Xo. 8, after Vadász, diameter 
66 mm.; Q , C. truneatus (Sowerby) after Geyer, diameter 80 mm. 
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second “siphuncle” is undoubtedly an indentation of the dorsal 
lobe. The only illustration of Bisiphytes reticulatus is a rather 
crude sketch (reproduced here on Píate 25, fig. 3). It is not 
possible to recognize the specifie features of the genotvpe of 
Bisiphytes from Montfort’s description and/or his illustration; 
likewise the exact locality and horizon from which the specimen 
was eollected is not known. For these reasons the gemís Bisi- 
phytes should not be used (a reeommendation set fortli by 
Teichert in 1940, p. 591, and in several written Communications 
to the writer). A petition to suppress the generic ñame Bisi- 
phytes is being made to the International Commission on Zoologi- 
eal Nomenclature. Abandonment of Bisiphytes lea ves available 
the genus C enaceras — tvpe Xautilus intermedius d ’Orbigny non 
Sowerby=A. orbignyi Prinz. 1 am in perfeet agreement with 
Spath that the quadrate whorled Cenoccras cannot be separated 
from the rounder whorled Bisiphytes. My previous use of Ceno- 
ceras as a subgenus of Bisiphytes was an attempt to express the 
homogeneitv of these two groups bilí 1 am now convinced that 
Teichert’s reeommendation to suppress Bisiphytes , because of the 
almost complete ambiguity surrounding the type species, will do 
mueh to clarify the taxonomy of these Jurassic nautiloids. 

Fig. 10. Cross section of the eoneli of species of Cenoceras and Pseuda- 
gcuiides . Redrawn from Fia (1914, pl. 10, [7]). A, C. qua d r (ungular i s 
(Pia) after Pía, diameter 103 mni.; B, C. balsamoerireUU (Parona), 
after Parona, diameter 155 ram.; C, C. distefonoi (Gemmellaro) after 
M. Gemmellaro, diameter 52 mm.; I), 1 ). brancoi (Gemmellaro) after M. 
Gemmellaro, diameter 60 mm.; E, C. ajfimis (Chapuis and Decalque) after 
Chapuis and Dewalque, diameter 101 mm.; F, C. sp. ind. No. 5, after 
Rosenberg, diameter 32 mm. ; G, C. profundislpliitea (Prinz) after Prinz 
diameter 82 mm.; 11, C. tricarinatus (Yadász) after Yadász, diameter 
91 mm. ; /, C. anomphalus (Pia) after d’Orbignv, diameter 90 mm. ; J, C. 
sp. ind. No. 9, after Yadász, diameter 36 mm. ; K, C. chilcnsi# (Iluppé) 
after Morieke, diameter 99 mm.; L, C. amorettii (Parona) after Parona, 
diameter 80 mm. ; AI, C. breislacki (Parona) after Parona, diameter 93 mm.; 
iY, C. egregius (Pia) after Pia, diameter 207 mm.; O, C . semistriatus 
(d'Orbignv) after d’Orbignv, diameter 165 mm.; P. Pseudaganides grave- 
siana (d’Orbigny), diameter 240 mm.; Q, C. schicalmi (Prinz) after 
Prinz, diameter 89 mm.; P, C. fischeranus (Foord and Criek) after Foord, 
diameter 180 mm.; S , C. pertextus (Dumortier) after Dmnortier, diameter 
180 mm.; T, C. spr.eaficoi (Parona) after Parona, diameter 58 mm.; ü, C. 
pisamis (Fucini) after Fucini, diameter 12 mm. 
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A precise morphologieal definition of Conocerás is not possible 
beeanse of the wicle variability and range in conch shape and 
ornamentation. The suture is for the most parí quite unifonn 
having only slight ventral and lateral lobes. The variability in 
eoneli shape has been most admirably illustrated in a set of text 
figures by Pia (1914) whieh are reproduce*! liere as Text Figures 
8, 9, 10. Interpreting conch form as an expression of adaptation, 
these text figures clearly show the range of radiation in the 
group. The uniformity of the suture and types of ornamenta- 
tional patterns sup])orts the conclusión that all these speeies are 
part of a single genetic complex. 

Spath (1927a) listed four otlier genera of Liassic nautiloids, 
namely : Sphacrouautil os Spath, Digonioeeras IIyatt, Opino - 
nautilos Spath, and Hercoglossoeeras Spath. All these genera 
are now placed in synonymy of otlier fornis. Hercoglossoeeras is 
considered a synonym of Pscudaganidcs . The reinaining genera 
( Sphaeronautilus , Digonioeeras , and Ophionautilus) are consid- 
ered to be synonyms of Conocerás. 

The type speeies of Digonioeeras IIyatt, 1894, is Digonioeeras 
rotundo ni IIyatt, non Crick, 1898, by original designation and 
not Nautilos excávalos J. de. C. Sowerbv (1826, pl. 529, fig. 1; 
Pl. 9, figs. 3-5, of this report) as indicated by Spath (1927a, p. 
21). The original deseription and illustration of D. rotundum 
(IIyatt, 1894, p. 549) lea ves ínueh to be desired. The type speci- 
nien, which is in the M.C.Z., is a juvenile of one volution and con- 
sists only of phragmoeone. It measures 34 nnn. in diameter; 
the width and height of the most adoral whorl are 23 nnn. and 
17.5 nnn. respectivelv. The wliorls are depressed and ovoid in 
cross section. The venter is broadly arched. The whorl sides 
are convex and grade onto the venter and the umbilical wall with 
no distinct shoulders to break the even curvature. The venter of 
the second camera is bluntlv angular or fastigate. The rounded 
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aspect of the venter is apparent 011 the tbird camera. Adorally, 
the whorls beeome gradually more depressed producing the broad 
venter and narrowlv rounded sides. The umbilicus is perfórate, 
measuring approximately 2 mm. in diameter. The suture has 
very shallow ventral and lateral lobes, and no annular lobe. The 
sipliuncle is in a subventral position. The shell is smooth except 
for fine growth lines that form a deep tongue-shaped sinus on 
the venter. 




Fig. 11. Cnwceras ucea rain* (Sowerby). Diagrammatie cross-section 
of holotype represented by figures 1, 2, Píate 7. XI. 

Hyatt (1883, p. 288) included Nautilus excavatus, d’Orbigny 
in Endolobus and considered that species to be the latest survivor 
of that series. However, in 1894 (p. 549) he noted that there 
were significant differences between the Carboniferous Endolo- 
bus and the Jurassie species he placed in Digonioceras. My own 
study of Sowerby ’s type of Xautilus excavatus in the B.M.X.H. 
(figured here on Píate 7 and Text Figure 11) and Hyatt 's type 
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of Digonioecras rotundum vhick i.s in the M.C.Z. leacl me to con- 
duele tkat it is not possible to tell vhether or not tliese tvo 
speeies are congeneric in TIyatt’s sense. Digonioecras rotundum 
is based on a juvenile specimen vhick is very generalized in its 
charaeters. The locality and geologic horizon of I). rotundum 
is not knovn, but Ilyatt (1894, p. 549) vrites, “It is obvionsly 
from tlie Oolite but the loealitv is not knovn.” 

The large funnel-shaped umbilieus of Xautilus exea rata. s* is the 
})rincipal character used by llvatt and later bv Spath to set this 
group aside as a sepárate generic eategory nnder the líame 
Digonioecras . Other Middle -Jurassic speeies vhick appear to be 
related to Xautilus exea vaina , at least in the general character 
of the umbilieus. are A. smithi Foord and Crick, 1890, and A. 
dia peni sus Morris and Lyeett. 1850. From the Fias, similar um- 
bilical features are found in Xautilus megrati Ooster (1858) 
(Fig. OG) and in X. terebratus Dumortier (1874; (Fig. 9 II). 
The umbilical shoulders of the latter speeies are fiared and 
angular; the umbilical valí is broad and sloping toward the 
umbilieus. The group of Xautilus cxcavatus does not appear to 
have given rise to any later stock of nautiloids and is here inter- 
preted as merely oue (of the manv) adaptive types produced in 
the early Jurassic within the C moceras complex. From an evo- 
lutionary viewpoint the group is merely a part or expression of 
the adaptive radiation or plástic pilase found in the early Juras- 
sie, and the group should he taxonomically treated as speeies of 
('moceras. 

Ophionautilns Spath (1927), tvpe speeies Xautilus burtonensis 
Foord and Crick, 1890 (illustrated here on Píate 6, and Text 
Figure 12), vas differentiated on the basis of the very evolute, 
videlv umbilieate conch. The tvpe speeies is from the Inferior 
Oolite of England. In addition to the tvpe speeies, Xautilus 
zitteli Gemmellaro (1886) of the lover Dogger of Sicily, X. 
austríacas Hauer (1856) (Fig. 9 E) and X. seluvalmi Prinz 
(1906) (Fig. 10 Q) from the Liassic of the Alps and Hnngary, 
respectively, belong to this speeies group. These speeies vliich 
have been or can be assigned to Ophionautilus are interpreted as 
evolute adaptations of the Cenoceras complex. These evolute ele- 
ments did not give rise to any of the sueeeeding more stable 
evolutionary lines. Xautilus burtonensis Foord and Crick has 
an evolute, smooth. rather large conch. The vhorl section is 
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wider than high. The venter is broadly rounded to slightlv 
flattened; the whorl sides are rounded as are the umbilical 
slioulders. The umbilical wall is convex and steep. The umbilicus 
is broad and deep, exposing much of the inner whorls. The 
suture is only slightlv sinuous witli a shallow ventral and a 
slmllow lateral lobe that indudes the whole whorl side. The only 
markings on the shell are growth lines and they form a deep 
sinus on the venter. 1 lie siphunde is more or less eentrallv 




Fig. 12. Cenocevas burtonauis (Foord and Crick). Diagrammatic eross 
section of holotype represented 1 >y figures 1, 2, Píate 6, X 1. 

located. The group of Xautilus burtonensis ineludes the most 
evolute adaptation of the Ccnoccras complex but there is within 
tliis complex a nearly complete gradational series in degree 
of involution. 
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Whereas the group of Nautilus burtonensis ineludes the most 
evolute elements of the C enaceras eomplex, the most involute 
forni is Nautilus pisanus Fucini (1895, p. 328, pl. 13, fig. 5) from 
lower Liassic strata of Italy for which Spatli (1927a, p. 21) 
established tile genus ÜpJia ero nautilus (Fig. 1077). ln its 
arcestid-like shape Nautilus pisanus is indeed an extreme aber- 
rant type. The conch is small and smooth. The suture has only 
a slight lobe on the ventral and lateral areas. There is not known 
at present a perfeet gradational series from “typical” Ceno- 
ceras to the extremely involute Nautilus pisanus . However, its 
stratigraphie position and general morphologieal eharacters 
make it logieal to eonsider Nautilus pisanus as t lie extreme in- 
volute development of the Conocerás eomplex and the genus 
Stphaeronautilus is placed in synonymy of Conocerás. 

More species have been described for Conocerás than for any 
other genus of post-Triassie nautiloids. Of the 96 species, two- 
tliirds are Lias in age and the renmining third Middle .Jurassic 
in age. Conocerás is a truly cosmopolitan form being known from 
nearly all continental areas (Fig. G). The species belonging to 
Conocerás with their age and geographic distribution are listed 
below. 

DISTRIBUTION OF S PINTES OF THE GENUS CENOCERAS 



Species 



►Stratigraphie Geographic 
Distribution Distribution 



C. adnrUcus (Pia) 1914 



Jurassic Austria 

( Lias) 

J urassic Lnxembourg 
(Lias) 

Jurassic Hungary 

(Lias) 

Jurassic Turkey 

(Lias) 

Jurassic Italy 

(Lias) 

Jurassic France 

(Dias) 

Jurassic Austria 

(Lias) 

Jurassic Europe 

(Lias) 



('. affinis ((Tapuis and Dewahjue) 1859 



C. o¡tisÍ 2 )hites (Prinz) 1900 



C. amasúinus (Gugenberger) 192S 



C. amorettii (Parona) 1S97 



C. aiwmplwlus (Pia) 1914 



C. arariformis (Pia) 1914 



C . araris (Dumortier) 1869 
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Species 


Stra tigra phic 
Distribution 


Geographie 

Distribution 


C. aratus (Quenstedt) 1846 


Jurassic 

(Lias) 


Germany 


C. arthdberi (Gugenberger) 1928 


Jurassic 

(Lias) 


Turkey 


C. astacoides (Young and Bird ) 1828 


J urassic 
(Lias) 


Europe 


C. austriacus (Hauer) 1856 


Jurassic 

(Lias) 


Alps 


C. baconicv* (Yadnsz) 1911 


Jurassic 

(Lias) 


Himgary 


C. balsa moerii'cllii (Parona) 1 Sí» 7 


Jurassic 

(Lias) 


Italy 


(\ bradfordrnsis (Crick) 1S98 


Jurassic 

(Bajocian) 


England 


C. brancüi (Gemmellaro) 1884 


Jurassic 

(Lias) 


Italv 


C. breisla el: i (Parona) 1897 


Jurassic 

(Lias) 


Italy 


C. burtonensis (Foord and Crick ) ls90 


Jurassic 

(Bajocian) 


England 


C. catonis (Gemmellaro) 1886 


Jurassic 
(L. Dogger) 


Sicily 


C. chil ensis (Huppé) 1854 


Jurassic 

(Lias) 


Chile 


C. demonensis (M. Gemmellaro) 1911 


Jurassic 

(Lias) 


Sicily 


? 0 . dispansus (Morris and Lycett) 1850 


Jurassic 

(Batlionian) 


England 


( . distefanoi, (Gemmellaro) 18S4 


Jurassic 

(Lias) 


Italv 


(\ domeykus (d’Orbignv) 1842 


Jurassic 

(Lias) 


Chile 


('. egregias (Pía) 1914 


Jurassic 

(Lias) 


Austria 


(\ ereyeinus (Tagliarini) 1901 


Jurassic 
(L. Dogger) 


Sicily 


C. cxcavatus (J. de C. Sowerby) 1826 


Jurassic 

(Bajocian) 


England 


C. exignus (Crick) 1898 


Jurassic 

(Bajocian) 


England 
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Species 


Stratigraphic 

Distribution 


Geographic 

Distribution 


C. exterelratus (Grick) 1898 


Jurassic 

(Bajocian) 


England 


C. fischeranus (Foord and Crick) 1890 


Jurassic 

(Lias) 


France 


C. fourneti (Dumortier) 1874 


Jurassic 

(Lias) 


Europe 


C. geyeri (Prinz) 1906 


Jurassic 

(Lias) 


Austria 


C. hallstattensis (Spengler) 1919 


Jurassic 

(Lias) 


Austria 


C. imiayi (Kuminel) 1954 


Jurassic 

(Bajocian) 


Alaska 


C. impendens (Crick) 1898 


Jurassic 

(Bajocian) 


England 


C. inornatus (d’Orbignv) 1842 


Jurassic 

(Lias) 


Europe 


E. interine dni& (J. Sowerby) 1816 


Jurassic 

(Lias) 


Europe 


C. jovrdani (Dumortier) 1871 


Jurassic 

(Lias) 


Europe 


0. julianas (Fucini) 1895 


Jurassic 

(Lias) 


Italy 


C. jur ensis (Quenstedt) 1858 


Jurassic 

(Lias) 


Europe 


C. lineatns (J. Sowerby) 1813 


Jurassic 

(Bajocian) 


England 


C. Un enlatas (Foord and Crick) 1890 


Jurassic 


England 




(Lias and 
Bajocian) 


France 


C. lupheri (Kummel) 1954 


Jurassic 


Oregon 




(Bajocian) 


(U.S.A.) 


C. lutatii (Gemmellaro) 1886 


Jurassic 
(L. Dogger) 


Sieilv 


C. malherbii (Terquem) 1855 


Jurassic 

(Lias) 


Luxembourg 


C. manissadjiani (Gugenberger) 1928 


Jurassic 

(Lias) 


T urkey 


C. mariani (M. Gemmellaro) 1911 


Jurassic 

(Lias) 


Sicily 


C. marii (Gemmellaro) 1886 


Jurassic 
(L. Dogger) 


Sicily 
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Species 


Stratigraphie 

Distributioii 


Geographic 

Pistribution 


C. massarensis (Tagliarini) 1901 


Jurassic 
(L. Dogger) 


Sicily 


G. meyrati (Ooster) 1858 


Jurassic 

(Lias) 


Alps 


G. multiseptatus (Foord and Orick.) 1890 


Jurassic 

(Bajocian) 


England 


C. obesus ( J. Sowerby) 1816 


Jurassú 

(Bajocian) 


England 


C. obstructus (Deslongcbamps) 1878 


Jurassic 


France, 


* 


(Bajocian) 


England 


C. orbignyi (Prinz) 1906 


Jurassic 

(Lias) 


Europe 


C. nrnatus (Foord and Crick) 1890 


Jurassic 

(Bajocian) 


England 


G. nrnatus var. atanatrnsis (Pía) 1914 


Jurassic 

(Lias) 


Austria 


C. parrtoi (M. Gennnellaro) 1911 


Jurassic 

(Lias) 


Sicily 


G. perinflatus (Foord and Crick) 1890 


Jurassic 

(Bajocian) 


England 


C. pero rv ai us (Crick) 1894 


Jurassic 


Western 




(Bajocian) 


Australia 


f. periertus (l)uniortlcr) 1867 


Jurassic 


France 




(Lias ) 


Austria 


C. pisa ñus (Fueini) 1895 


Jurassic 
( Lias) 


Italv 


C . polyytnmlis (.1. de C. Sowerby) 1826 


Jurassic 

(Bajocian) 


England 


C. postriatu» (Prinz) 1906 


J urassic 
( Lias) 


Europe 


C . prof undisiphytes (Prinz) 1906 


J urassic 
( Lias) 


Austria 


C. pseiuíolinealus (Foord and Crick) 1890 


J urassic 
(Bajocian) 


England 


C. pseudorayosus (Pia) 1914 


Jurassic 


Alpine 




(Lias) 


Región 


C. psmdotruncatus (Crick) 1921 


Jurassic 

(Lias) 


England 


C. quadrangularis (Pia) 1914 


Jurassic 

(Lias) 


Austria 


C. robvstus (Foord and Crick) 1890 


Jurassic 


France, 




(Lias) 


Austria 
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Species 

C. rotundum (Hyatt) 1894 
C. rotwndum (Crick) 1898 
C . rugosus (Buvignier) 1852 
C. schlumberyeri (Terquem) 1855 
C. schmidti (Giebel) 1852 
C. schwalmi (Prinz) 1 90tJ 
C. secernendus (Fia) 1914 
C. semiornatus (Cric-k) 1898 
C. semistriatus (d'Orbignv) 1843 
C. semseyi (Prinz) 1904 

C . simillimus (Foord and Crick) 1890 
C. smithi (Foord and Crick) 1890 
C. spreaficoi (Parona) 1897 
C . steinmaniii (Moricke) 1894 
C. stoppanii (Parona) 1897 
C. striatus (J. Sowerbv) 1817 
6\ ¿{tari (Hauer) 1850 
C. ¿nibrotundus (Crick) 1898 
C. svbtruncatus (Prinz) 1906 
C. trrebratas (Dumortier) 1874 



Stratigrapkie Geograpkie 
Distribution Distribution 



Jurassic 


Fngland 


(Bajocian ?) 
Jurassic 


England 


(Bajocian) 

Jurassic 


Kurope 


(Lias) 

J urassic 


Luxembourg 


(Lias) 

Jurassic 


Germany 


(Lias) 

J urassic 


Runga ry 


( Lias) 

•i urassic 


Austria 


(Lias) 

Jurassic 


England 


(Bajocian) 

Jurassic 


Franco 


(Lias) 

Jurassic 


Hungarv 


(Lias and 
L. Doggcr) 
J urassic 


England, 


(Lias) 


Austria 


Jurassic 


England 


(Bajocian) 
J urassic 


Italy 


(Lias) 

J urassic 


Chile 


(Middle) 
J urassic 


Italy 


(Lias) 

Jurassic 


Europe 


(Lias) 

Jurassic 


Alpino 


(Lias) 


Región 


J urassic 


England 


(Bajocian) 

Jurassic 


France 


(Lias) 

Jurassic 


France, 


(Lias) 


England 
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Species 


Ktratigraphic* 

Distribution 


Geographic 

Distribution 


C. thyrrenus (Tagliarini) 1901 


Jurassic 
(L. Dogger) 


Sicilv 


r. toarcensis (rl’Orbigny) 1849 


Jurassic 


Franee, 




(Lias) 


Germany, 


C. tricarinatus (Vadász) 1911 


Jurassic 

(Lias) 


Austria 


r. truncatus (Sowerby) 1S16 


Jurassic 

(Lias) 


Europe 


C. waugeni (Gemmellaro) 1886 


Jurassic 
(L. Dogger) 


Sicily 


C. zignoi (Gemmellaro) 1886 


Jurassic 
(L. Dogger) 


Sicily 


C. zitteli (Gemmellaro) 1886 


Jurassic 

(Middle) 


Sicily 



Genus EUTREPHOCERAS Hvatt, 1894 

Eutrephoceras Hyatt, 1894, p. 555. 

Eutrephoceras Reeside, 1924, p. 2. 

Eutrephoceras Reeside, 1927b, pp. 6, 7. 

Eutrephoceras Miller and Thompson, 1933, pp. 300-304. 

Eutrephoceras Spath, 1927a, pp. 21, 24. 

Eutrephoceras Spath, 1927b, pp. 425, 426, 42S. 

Eutrephoceras Stenzel, 1940, pp. 738-742. 

Eutrephoceras Miller, 1947, pp. 26-39. 

Eutrephoceras Miller, 1951, pp. 33-36. 

The genus Eutrephoceras represents the long-lived and per- 
sisten t stock arising from the loiver Jurassic Cenoceras complex 
and is eonsidered to be the root from which most of the remain- 
ing Cretaceous and Tertiary nautiloids, excepting the Cymato- 
c-eratinae, are derived. It is most similar to Cimomia and Nau- 
tilus. Cimomia aróse from Eutrephoceras in the Upper Jurassic 
or Cretaceous and is in itself the root stock of the Hercoglossinae. 
Cimomia differs from Eutrephoceras in the greater sinuosity of 
the suture, but many intermediate forms are known. 

Thus the interpretation of Eutrephoceras presented here vis- 
ualizes a persisting, slowly evolving stock cousisting of generally 
involute, smooth forms witli straight or nearly straight sutures, 
and a conch that is generally subglobular but can be quite com- 
pressed or depressed. The rather wide variation in the shape of 
the conch is illustrated in Text Figure 13. 
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Probably tlie commonest and most widespread genus of post- 
Triassie nautiloids is Eutrephoceras . To date, approximately 
8^ speeies are recognized ranging in age from the Jurassic to 
the Miocene ; of tliese, 6 speeies are Jurassic in age, 39 Cretaeeous 
and 44 from the Tertiary. 

Miller has recently described the American Tertiary speeies 
of Eutrephoceras and his comprehensive diagnosis of the genus 
is quoted here (1947, p. 27) : “Conch nautiliconic and tvpically 
subglobular; whorls reniform in cross section, broadly rounded 
vent rally and laterally, and moderately deeplv imp ressed dor- 
sallv. Aperture marked ventrally by a broad shallow rounded 
hyponomie sinus. Umbilicus small and inconspicuous ; umbilical 
shoulders low and rounded. Surface of conch smooth or essen- 
tiallv so. Septa moderately convex apicad ; sutures of typical 
forms slightly sinuous, but at least the external sutures of some 
forms are essen tiallv straight. An annular lobe is presen t in 
some forms but not in the genotype. Siphuncle small, circular 
in cross section, and orthochoanitic in structure; its position 
varíes considerably in the different speeies, but in no case is it 
marginal." 

The large nuinber of speeies of Eutrephoceras refieets their 
general abundance and widespread distribution geographicallv 
and stratigraphically. The wide variability in conch shape. 
degree of involution, and inflection of the suture suggest a wide 
adaptive rango for this genetic stock. Probably in no other 

Fig. 13. Cross sections of the conch of A, Eutrephoceras cyclotus (Op- 
pel) from Zittel 1868, pl. 3, fig. 2a, diameter 117 mm.; B, E. boissieri 
(Pictet) 1867, pl. 8, fig. 4b, diameter 63 mm.; C , E. subinflatus (d’Orbigny) 
1850, from d’Orbigny 1840, pl. 37, fig. 2, diameter SS mm. ; D, E. jonesi 
Miller and Thompson, from Stenzel 1940, fig. 115, diameter 225- mm. ; 
E, E. pierna nt i i (Sergio) 1933, pl. 2, fig. 4b, diameter 144 mm. ; F, E. 
justus (Blanford), from Stoliczka 1866, pl. 93, fig. 2a, diameter 64 mm.; 

E. dekayi (Morton), from Stenzel 1940, fig. 115, diameter 46 mm.; 77, E. 
victorianum Teichert 1947, fig. 5, diameter 102 mm. ; 7, E. reesidei Stenzel 
1940, fig. 115. diameter 14. G mm. ; J, E. neubergicus (Redtenbacher) from 
Schlüter 1876. pl. 48, fig. 4, diameter 90 mm.; E, E. dekayi (Morton) 
from Stenzel 1940, fig. 115, diameter 85 mm.; L, E. sloami Reeside from 
Stenzel 1940, fig. 115, diameter 120 mm.; 47, E. carolinense Kellum, from 
Stenzel 1940, fig. 115, diameter 20.7 mm.; X, E. lentiformis (Stoliczka) 
1866, pl. 93, fig. la, diameter 74 mm. ; O, E. cookanwm (Whitfield), Stenzel 
1940, fig. 115, diameter 220 mm. ; P, E. laverdei Durham 1946, pl. 63, fig. 4, 
diameter 61 mm. 
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geueric group are the recognizecl species so gradational in charac- 
ter and generally laeking in objectivity. Variability studies of 
iarge populations would be extremely helpful in assessing the 
many species groups. 

Since Eutrephoceras is interpreted as the basic persisting stock 
derived from the C enaceras complex, its relationsliips to the 
other genetic groups are discusscd in detail under each of these 
derived groups and need not be repeated here. 

A similar long-persisting, smooth, involute, generalized stock 
is represented in the Permo-Carboniferous and Triassic by the 
Livoceras-Paranautilus trend. From this particular trend was 
derived the Fpper Triassic Clydonautilidae which is a stock 
adapted for sinuosity of the suture ; a homeomorphous de- 
velopment of the Hercoglossinae. 

E utrcphoct ras is world-wide in distribution and ranges in age 
from the Upper Jurassic into the Miocene. 

DISTRIBUTION OF SPECIES OF THE GENES EUTREPHOCERAS 



Species 



Stratigraphie Geographic 
Distribution Distribution 



E. ahílen en ais (Sehliiter) 1876 



Cretaceous Germany 
(Upper) 



E. allani (Fleming) 1945 
E. allioni (Midiclotti) 184U 
E. altifron.s (Chnpman) 191-5 



E. archiacianus d ’Orbignv 184U 
E. baleombensis (Cliapnian) 1915 
E. bcUcrophon ( Luudgren') 1867 



E. bvrryi Miller, 1947 



E. alcrseiise Reeside, 1927 



Cretaceous Montana 

(Upper) (U.S.A.) 

Oligocene ? New Zealand 
Miocene Italy, Malta 
Míocene Australia 

Cretaceous France 

Miocene Australia 

Cretaceous Sweden 

(Danian) 

Eocene Xorth 



Carolina 

(U.S.A.) 



E. bryani (Gabbl 1877 



E. blanfordi (Douvillé) 1929 
E. bowsieri (Pictet) 1867 



E. bouchardianus (d’Orbigny) 1840 



Eocene Pakistán 

Cretaceous Switzerland, 
(Lower) Algeria 

Cretaceous France 

(Albian) 

Eocene New Jersey 



(U.S.A.' 
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Stratigraphic Geographic. 



Species 


Distribution 


Distribution 


E. burlcarti (Castillo and Aguilera) 1895 


Jurassic 

(Tithonian) 


México 


E. butonensis (Martin) 1933 


Oligocene 


East Indies 


E. carolinense Kellum, 1926 


Eocene 


Xorth 

Carolina 

(U.S.A.) 


E. centralis (J. Sowerby) 1812 


Eoceno 


England, 

Germany 


E. charpentieri (Leymerie) 1851 


Cretaceous 

(Upper) 


Erance 


E. c1em<entinus (d’Orbigny) 1840 


Cretaceous 


England 




(Albian) 


France 


E. cookamini (Whitfield) 1892 


Eocene 


Xew Jersey 
(U.S.A.) 


E. crassus (Schafhautl) 1863 


Eocene 


Bavaria 


E. c y el o tus (Oppel) 1865 


Jurassic 

(Tithouian) 


Mora vi a 


E. dortevellei Miller 1951 


Eocene 


Landana, 
West Africa 


E. darupensis (Schlüter) 1876 


Cretaceous 

(Senonian) 


Germany 


E. decipiens (Michelotti) 1861 


Miocene 


Italy 


E. delcayi (Morton) 1834 


Cretaceous 

(Upper) 


U.S.A. 


E. dcpreasiis (Binckhorst) 1861 


Cretaceous 


Belgiuni 




(Maestrichtian) 


E. dersertorum (Qnaas) 1902 


Cretaceous 

(Danian) 


Libya 


E. dietrichi (Zwierzyeki) 1914 


Cretaceous 

(Xeocomian) 


East Africa 


E. douvillei Spath, 1927 


Jurassic 

(Oxfordian) 


Fgypt 


E. dubalcni (Peyrot) 1932 


Miocene 


France 


E. euthymi (Pictet) 1867 


Cretaceous 


France, 




(Lower) 


Switzerland 


E. expansum (J. de C. Sowerby) 1824 


Cretaceous 


England 




(Cenoinanian 


) 


E. faxoense Hyatt, 1S94 


Cretaceous 

(Danian) 


Denmark 


E. felix (Cliapman) 1915 


Miocene 


Australia 
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Stratigvaphic Geographic 



Speoics 


Distribntion 


Distribution 


E. flammcus (Ronchetti) 1047 


Cretaceous 


Tripolitania, 




(Maestrichtian) 


E. francomontanvs (Kulm) 1930 


J urassic 
(Upper) 


Germany 


E. geelonyrnsi# (Foord) 1S91 


Mioeene 


Australia 


E. gosa virus (Redtenbaeher) 1873 


Cretaceous 

(Upper) 


Austria 


E. hannai Vokes, 1937 


Eoceno 


California 

(U.S.A.) 


EJ hallidayi (Waring) 1914 


Paleocene 


California 

(U.S.A.) 


E. hendersoni (Etlieridge) 1901 


Cretaceous 


Queensland, 




(Lower) 


Australia 


E. mdieum (Spengler) 1910 


Cretaceous 

(Upper) 


Tndia 


E. izumoensis Yokoyama, 1913 


Tertiary 


Japan 


E. ja poníais (Shimizu) 1926 


Eocene 


Japan 


E. ja va n us ( Martin ) 1879 


Tertiary 


Java 


E. johnsoni Miller, 1047 


Paleocene ? 


Alabama 

(U.S.A.) 


E. jonesi Miller and Thompson, 1933 


Paleocene 


Alabama 

(U.S.A.) 


E. labechi (d’Archiae and Haime) 1854 


Eocene 


Pakistán 


E . lavcrdei Purham, 1046 


Cretaceous 

(Aptian) 


Colombia 


E. leonei (Negri) 1934 


Eocene 


Libya 


E. marl'si Miller, 1047 


Eocene 


California 

(U.S.A.) 


E. marucoensis (Giovine) 1950 


Cretaceous 


Argentina 




(Hauterivian) 


E. metafienriaasi (Douvillé) 1929 


Cretaceous 

(Upper) 


X. Africa 




L. Tertiary 


Pakistán 


E. montanensi Kummel, 1954 


Jurassíc 


Montana 




(Callovian) 


(U.S.A.) 


E. montmollini (Pictet and Cani])ielie) 1850 


Cretaceous 


Switzerland 




(Albian) 


Frailee 


E. neubergicus (Redtenbaeher) 1873 


Cretaceous 

(Upper) 


Austria 


E. oregonense Miller, 1947 


Eocene 


Oregon 



(U.S.A.) 



KUMMEL : POST-TKIASSIC KAUTILOID GENERA 



383 



Species 


Stratigraphie 

Distribution 


Geographio 

Distribution 


E. ovouleum Criek, 1907 


Cretaceous 


Zululand 


E. parisiensis (Deslía yes) 1866 


Eocene 


France 


E. perlatus (Morton) 1S34 


Cretaceous 


Alabama 




(Upper) 


(U.S.A.) 


E. piersantii (Sergio) 1933 


Oligoeene 


Italy 


E. planoventer Stephenson, 1941 


Cretaceous 


Tennessee, 




(Upper) 


Texas 

(U.S.A.) 


E. quadrilineatus (Favre) 1869 


Cretaceous 

(Upper) 


Germany 


E. reesidei Stengel, 1940 


Eocene 


Texas 

(U.S.A.) 


E. regalis (J. ele C. Sowerby) 1843 


Eoceno 


England 


E. regularis (Scliaf liiiutl ) 1863 


Eocene 


Bavaria 


E. rest rictus (Griepenckerl) 1889 


Cretaceous 

(Senonian) 


Germany 


E. resupinaitts (Redtcnbaeher) 1S73 


Cretaceous 

(Upper) 


Austria 


E . sawfi.lippoi (Sorrentino) 1932 


Cretaceous 


Tripolitania 




(Maestrichtian) 


E. simile Spath, 1953 


Cretaceous 


Graham 




(Upper) 


Land 


E. sloani Reeside, 1924 


Eocene 


South 

Carolina 

(U.S.A.) 


E. sphaericum (Forbes) 1846 


Cretaceous 


India 


E.staadti (Cossmann) 1902 


Eocene 


France 


E. stepliensoni (Dickerson) 1914 


Paleoceno 


California 

(U.S.A.) 


E. stricteunibilicatus (Stchépinsky) 1943 


Oligoeene 


Turkey 


E. subinflatvs (d ’Orbigny) 1850 


Jurassie 


France 




(Kimmeridgian) 


E. sublaevigatum (d ’Orbigny) 1840 


Cretaceous 


England, 




(Upper) 


India, 

ATadagasear, 

Libya 


E. subplicatum (Philippi) 1895 


Cretaceous 


Argentina, 




(Upper) 


Chile 


E. szontaglú (Vogl) 1910 


Eocene 


Himgary 


E. tliomi Reeside, 1927 


Cretaceous 


Montana 




(Upper) 


(U.S.A.) 


E. tnmescens (Frauscher) 1895 


Eocene 


Austria 
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Species 


Stratigrapliic 

Distribution 


Geographie 

Distribution 


E. uitenhagen.'ie Spath, 1930 


Cretaceous 


South Africa 




(Valanginian ) 


E. umbilicaris (Deshayes) 1835 


Eocene 


France 


E. nrbanus (Sowerby) 1S43 


Eocene 


England 


E. vastas (Kner) 1S50 


Cretaceous 

(Upper) 


Poland 


E. rú'nitinvs (Oppenheim) 1901 


Tertiary 

(Lower) 


Italy 


E. victorianum (Teicliert; 1943 


Eocene 


Australia 


E. vinassai (Venzo) 1937 


Oligocene 


Italv 



Genus PsEl iJOCEXOCERAS Spath, 1927 

T y ¿)v ¿pedes. Xautihi* JargiUicrtianvs d ’Orbigny. 1840, pl. 18 (bv original 
designa tion ). Plisiotvpe illusfrated on Plato 10. íigs. 3, 4. 

This genus can be diagnosed as follows : Conch involute, com- 
pressed, smooth. AVhorl section subrectangular, venter broad. 
flattened, ventral shoulders rounded. Whorl sides flattened, sub- 
parallel. Umbilical shoulders rounded, umbilical wall nearly 
vertical. The suture is only slightlv sinuous, essentiallv straight 
across the venter and with a broad, senerally shallow. lateral 
lobe. The siphuncle is subcentral in positiou, that is, closer to 
the dorsum. 

As stated by Spath (1927a, p. 24), '‘Pseudocenoceras is 
casily distinguislied from its Cretaceous contemporaries by 
its steep umbilical edge, truncated whorl-sliape, entomarginat 
siphuncle and reclined septal edges.” 

The Cretaceous contemporaries of Pseudocenoceras inelude 
members of the Cymatoceratinae, the Hercoglossinae, Eut repito - 
ceras , and ('arinonautilus. The smooth conch and simple suture 
would ally E ut re ph oceras and Pseudocenoceras: all of the other 
generic groups are specialized forms trending on quite different 
patterns. 

There are only 6 species of Cretaceous nautiloids that can be 
assigned to Pseudocenoceras , and all are for the most part very 
similar. The type species is a common form in Cretaceous strata 
of England and Frailee. Xautilus berriasensis Pictet (1867) 
from Lower Cretaceous strata of F ranee appears to be closely 
allied to Xautilus I argilliertianiis but has a more central siph- 
uncle. Xautilus lehardjji Binckhor&t (1861) is a quite aberrant 
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torin witli subangular ventral shoulders and a concave venter. 
It is placed in Pscudoccnocevas witli question. 

Pscuclocenoceras is a fairly common form in Cretaeeous rocks 
oí’ Europe from England to the Crimea. One species, Xautüus 
applamitus Vanner (1902), is from the Upper Cretaeeous of 
Libya. A list of the species of Psemlocenoceras , their age, and 
u'eoüTaphie distribntion is given below. 

DISTRIBUTION OF SPECIES OF THE 
OENUS PSEUPOUEXOCERAS 

Stratigraphic Geographie 
Species Distribution Distribution 



P. applanatus (Wanner) 19H2 


Cretaeeous 

(Upper) 


Libya 


P. berriasen&te (Pietet) 1807 


Cretaeeous 

(Lower) 


Franee 


P. campichei (Karakaseh) 19U7 


Cretaeeous 

(Lower) 


Crimea 


P. fittoni (Sharpe) 1853 


Cretaeeous 

(Upper) 


Europe 


P. galiciaiius (Alth) 1850 


Cretaeeous 


Poland 


P. largilUertianus (cHOrbigny; 184o 


Cretaeeous 


Europe 




(Cenomanian) 


V.i lehardyi (Binckhorst) 1801 


Cretaeeous 


Belgium 




(Maestriehtian) 


P . picttti (Karakaseh) 1907 


Cretaeeous 

(Lower) 


Crimea 



Genus CaiHXOX AUTELUS Spengler, 1910 
Tijpr xpccits. Carinonautilvs ariyalurensis Spengler, 1910, p. 149, pl. 14, 
Mgs. 1 a e (monotypic). Illustrated here on Píate 11. 

The only data available on this monotypic genus are the 
description and illustration of the type species. However, from 
this source the following diagnosis is made. The conch is very 
involute, compressed, and much higher than wide. The umbilicus 
is small and shallow. The whorl sides are broadly rounded and 
converge toward the venter. A distinct furrow aligns the ventral 
shoulder. The venter has a prominent rounded keel that on the 
adoral part of the living chamber is much broader and is divided 
by a median furrow. The umbilical shoulders are broadly 
rounded. The widest part of the whorl section is just ventral of 
the umbilical shoulders. The suture is only slightlv convex. 
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The only markings on the shell are growtli lines wliich íorm 
a cleep sinus over the venter. The position of the siphnnele is not 
known. 

At a diameter of 1.5 em. the venter is not yet keeled but merely 
sharply rounded. At 3 cni. the single prominent keel is presen!, 
and at 6 em. diameter the median turro w is well developed on 
the widened keel. 

The measurements of the type speeies are as follows (Spengler, 
1910, p. 149) : 

Diameter 93 mm. 

Ileight of last whorl 54 mm. 

AVidth of umbilicus 5.5 mm. 

Width of last whorl 32 mm. 

Spengler (1910, p. 149) reeognized the uniqueness of tliis 
speeies and suggested that it was derived from Xautüus angustus 
Blanford (=Cimoinin) b y sharpening of the ventral area. Con- 
temporaneous forms inelude members of the Cymatoceratinae, 
Hercoglossinae, Eutrtph overas and Pseudoccnoccras. I- am in 
essential agreement with Spengler on the phvlogenetic position 
of Cariñonautüus but would derive them from Eutrephoccras, 
wliich is liere eonsidered the persistent evolving stock. There is 
slight diñ'erenee between the eutrephoceratid stock and the 
eimomids. The eutrephoceratids show great variability in their 
smooth, involute eonehs and appear to be the only evolutionary 
reservoir available to give rise to Carinonautilus. 

Tliis monotypic genus is known only from the Ariyalur 
group (Campanian) of the Triehinopoly distriet of southeast 
India. 



Genus ObIXAL TILUS Kobayashi, 1954 

Tjipt fiijecit’.s. Obiiututilus pnlvlmi Kolmyashi, 1954b. Type illustrat ion re 
produeed on Píate 9, íigs. 1, 2. 

Kobayashi ’s deseription of his new monotypic speeies and 
gtmus is quoted below. The speeimen is 78 mm. in diameter; 
last whorl 25 mm. in width, 46 mili, in height and 35 mm. in 
median height. 

4 ‘Shell discoidal, eompressed laterallv, rapidlv eoiling and 
quite involute; umbilicus almost closed, if not completely; flanks 
a little convex, but nearly parallel in the inner half and inelined 
abruptlv near the umbilicus; ventral sinus shallow but fairly 
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broad and provided witli an obtuse peripheral carina on eaeh 
side which is subangulated inside but outwardly merges with 
the flank. 

‘‘Radial ribs narrow, flattopped, separated by narrow and 
shallow groove.s and frequently branching distally by insertion 
of fine groove.s. These ribs and groove.s distinctly bent forward 
from tlie umbilieus, nearly straight or even slightly concave 
baekward in the broad flank, swin g back a little near the venter 
and modcrately sinuated behind on the venter. The eurvature of 
these ribs is very similar to the growth lines of living Nautilus.” 

Kobavashi based the above deseription on a single well- 
preserved specimen. The shell is very well preserved and he 
t Kobavashi) notes its deep and light brown shades must be 
the original colour partera.' ? Unfortunately, neither the suture 
ñor position of the siphuncle was observed. The ribbing de- 
scribed l:y Kobavashi appears to be accentuated growth lines 
rather tlian the type of ribbing that is charaeteristic of the 
Pymatoceratinae. 

The most charaeteristic feature of Obinautilus is the shallow 
but distinct ventral furrow. Because of this modification of 
the periphery. Kobavashi rightly pointed to possible affinities 
with the Paracenoceratidae. llowever, I agree completelv witli 
Kobavashi that Obinautilus should be considered a development 
of the Xatitilinae rather than derived from anv member of 
the Paraeenoceratinae. Since the suture and position of the 
siphuncle are not known, this interpretation will have to remain 
tcntative until more data become available. 

Obinautilus pul diva is known from one specimen colleeted at 
a cutting between Aburatsu and Obi towns in the Province of 
11 yuga (Miyazaki Pref.), Japan, on the oeeasion of the high 
wav operation. The local ity is situated in the pre-Mioceue ter- 
raiu where the Xichinan formation containing the Oligocene 
Ashiya fauna lies unconformably beneath the ]\Iiocene Aburatsu 
formation (Kobavashi, 1954b, p. 183). 

Gemís Nautilus Linné, 1758 

7 ))' x pccifs. XnutiJvs pompilius Linné. 

The interpretation of the seope of the genus Nautilus has 
changed considerably sinee its formal introduction by Linné. 
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In the early period of paleontologieal researeh on this group of 
tetrabranchiate cephalopods nearly all species were placed in the 
single gen us Xautilus . Gradually as more and more genera were 
proposed, Nautilus became a waste-basket gemís for unassigned 
forms. The greater arnount of attention paid to Paleozoie nautil- 
oids soon pre-empted the use of the genus Nautilus for species 
of that age. The genus has persisted for most species of Mesozoic 
and Tertiary nautiloids until rather recently. At the present, for 
instance, Miller (1951, p. 32) restricts Nautilus to only the 
Pecent species and all of the Tertiary forms previously assigned 
to Nautilus are placed in Eutrephoceras or Cimomia . In this 
interpretaron 1 am in full agreement. Eutrephoceras is the 
persisting stock out of the Ccnoceras complex in Upper J urassic 
time that shows no particular evolutionary trends from its time 
of origin to the time of its apparent extinction in the late 
Tertiary. ít is the longest-lived single genetic stock of post-Tri- 
assic nautiloids. and was ancestral to several otlier aberrant 
groups, namely Pseudoceuoceras , Carino nautilus, and Obinau- 
tilus . It is also ancestral to Cimomia of the Hercoglossinae which 
developed into an extremely abundant and diverso evolutionary 
complex. Tliere appear to be no records of any Pliocene or 
Pleistocene nautiloids. Aside from At liria, all other species of 
nautiloids seem to be more closely related to the eutrephoeeratid 
evolving stock than to modern Nautilus. The number of species 
and speeimens of Miocene nautiloids is still very few. However, 
with the above interpretaron Nautilus is thought to arise from 
the eutrephoeeratid stock at some time in the mid or late Ter- 
tiary. 

The biology and ecology of modern Nautilus has been very 
ablv summarized bv Stenzel (1948, 1952). Similar comprehen- 
sivo discussions of the morphology, etc., can be found in Miller 
(1947). The extensive literature on modern Nautilus is eovered 
in the bibliographies of StenzePs and Miller ’s papers. 

Three species of living Nautilus are generally recognized, 
namely N. ponipilius (with the umbilieus practically obliterated 
by the deposition of callus) X. macromphahis (with an open im- 
perforate umbilieus), and X. umbilicatus (with an open finely 
perfórate umbilieus) (Miller 1947, p. 13). Several “varieties" 
of X. pompilius are recognized but their significanee and rela- 
tionships are poorly known. To the above three species, T redale 
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(1944) has added two new speeies, namely X. alumnus, from off 
Queensland and New South AYales, and X. repertm from off 
Western Australia. 

Living Xautilus is restricted to the Southwest Pacific from 
South Australia to the Southern Philippines and eastward to 
the Fiji Islands. Stenzel (1948, p. 84) gives a good summary of 
the known records for live speeimens of Xautüus. 

Subfamilv PSEUDAGAX1DIXAE nov. 

This new subfamilv is established for two genera of mainly 
Jurassie age that inelude adaptive types chara eterized by great 
sinuosity of the suture. The.se genera are Pscudaganides Spath, 
and Pxcudovautilus Meek which Spath (1927) had previously 
ineluded in his family llereoglossidae. As is discussed in more 
detail below, Pseudaganidcs is considered to be a direet radiation 
from the Ccnoccras complex in the Lower Jurassie; by the Upper 
Jurassie it was a widely distributed form in the European 
geosynclinal areas and showed a wide variation in coneh form 
and suture. The group did not survive into the Cretaceous. 
Sometiine during the Upper Jurassie an offshoot from Pseuda- 
g anides developed, eharaeterized mainly by great er elaboration 
of the suture, that is, the formation of a deeper ventral lobe 
and angular lateral lobes. Speeies of this genus range into the 
Lower Cretaceous. 

In the Carboniferous to Recent history of the nautiloids there 
were four distinct adaptive trends built around elaboration of 
the suture. As would be expected, there are many homeomorph- 
ous forms between these adaptive trends. Each of these trends 
had its origin in long-persisting, smooth, generalized stocks with 
very simple, nearlv straight sutures. The duration of each of 
these trends is likewise somewhat limited. The Permian trend 
is known onlv througli a single speeies of the genus Pennoceras 
from Yliddle Permian strata of Timor. The Triassic radiation 
is mainly Upper Triassic (Carnian-Xorian) in age. The Jurassie 
trend, represented by Pseudaganidinae, is Lower Jurassie to 
Lower Cretaceous in age with the principal radiation in the 
Upper Jurassie. The last such trend, that of the Hercoglossinae 
and Aturinae, is Upper Cretaceous to mid-Tertiary in rango with 
the principal radiation in the Lower Tertiary. 
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Gemís PSEUDAGANIDES Spath, 1927 

Psr talaya nides Spath, 1927a, pp. 22, 25. 

Hcrcoylossoceras Spatli, 1927a, pp. 22, 26. 

Nautilus ( Pseudaganides ) Jeannet, 1951, pp. 17-21. 

Type spccies. Nautilus ¡cutchensis Waagen, 1873, pl. 3, fig. 4 (Píate 28, 
figures 3, 4 of tliis report). Type by original flesignation. 

When Spatli (1927a, p. 22) established tliis gemís tlie only 
reinark lie macle as to its cliaracters was the following statement : 
“Pseudaganides, which comprises the early ‘aganiticP, like 
So malina útil us, lias its origin in ‘Conocerás’ and ineludes, for 
example, the large sabsinuatus group of the Inferior Oolite, as 
alrcady ínentioiied. " ln his discussion of the type speeies, 
Pseudaganides kutehensis (Waagen), Spath (1927a, pp. 34-35) 
íiientions the following speeies as belonging to tliis genus: N. 
aganiticus Sehlotheiin, N. schlotheimi Loeseli (= Nautilus (Iler- 
coglossa) aganiticus Foord and Grick, 1890b, p. 394, fig*. 1), and 
N. ammoni Loeseh; he also ineluded witli question N. girardoti 
de Loriol and N. subbiangnlatus d’Orbigny ( =Nau tilas biangu- 
latns d'Orbigny, 1845, pl. 34, figs. 1-3). 

There are approximately 40 speeies of Jurassie nautiloids with 
goniatitie ” sutures. Besides the ‘ ‘aganitici’ ’ ineluded by Spath 
in Pseudaganides, he established the genus Ilercoglossoccrus 
[type speeies — Ilercoglossa (‘ gravesiana (d’Orbigny) var.’) 
kochi (Prinz)], a liighly compressed form. Pseudonautdus was 
established by Meek for Nautilus geinitzi Oppel (in Zittel, 1868), 
and is eharaeterized by a pointed lateral lobe and a very deep 
ventral lolje. A nuinber of spetdes from the Upper Jurassie 
(reeently diseussed by Loeseh, 1914), Spath tentatively assigns 
to Ilercoglossa (prineipally an Lpper Cretaeeous-Eocene de- 
velopinent) though he does niention tliat tliey probablv repre- 
sent an iiidependent development. 

]\Iy own st lidies lead me to eonelude tliat all of the Jurassie 
nautiloids with “goniatitie” sutures are part of a single evolu- 
tionary line developed from some compressed elements of '‘Ceno- 
ceras” and tliis line is quite independent of the later hereoglos- 
sid development. 

The type speeies of Pseudaganides — N. kutehensis — come> 
from the Middlc Chari group (anceps zone) of Kaehli (Cutch) 
Pakistán. The type measures 47 mili, in diameter, 28 mili, for 
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length of whorl, 27 mm. as 'widtli of tlie whorl, and tile mnbilicus 
is 5 mm. across. AYaagen’s illustration is reprodnced liere on 
Píate 28, figures 3, 4. The form of the sliell is involute with a 
somewhat rectangular whorl section with flattened sides and 
venter. The greatest width of the whorl is near the mnbilicus. 
The suture has a prominent lateral lobe and a saddle next to 
the umbilieus. The suture is projected toward the venter and 
has a sliallow lobe on the venter. The shell has fine longitudinal 
strigation and growth lines. The strigations disappear towards 
the aperture. 




Fig. 14. Diagrammatic representaron of sutures of A , Pseuclagan'ulrs 
brunhubcri (Loesch) 1914, fig. 5c; B, P. franconicu # (Oppel) from Loesch 
1914, fig. la; C, P. subbiangíilatiis (d’Orbignv) 1-843, from d'Orbignv 
1850, pl. 34, íig. 3; 7>, P. rogeri (Loeseli) 1914, fig. 3a; E, P. peUerensis 
(Yialli) 1937, fig. la; F, P . sinvatus (Sowerby), from Vialli, 1937, fig. lo. 
All figures greatlv redneed. 

From the Carboniferous to the Tertiary, evolutiouary trends, 
formulated on a eonipliealion of the suture, ha ve oceurred re- 
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peatedly. In most cases it can be established that such evolu- 
tionary lines aróse from ancestors with esseiiliallv uncomplicated 
(nearly straight) sutures. Many oí' tliese evolutionary lines are 
representad by a single or very few species. Ilowever, some 
gronps as the Triassic Clydonautilidae have largo mimbers oí 
species. In genera such as Chjdonautdiis and l'roclydonautüus 
there is a constaney in the pattern of the suture with, of course, 
a degree of modiíication in shape and depth of the lobes, etc. : 
there is, however, a very striking differenee or range of variation 
in the shape of the conch (see Kummel, 19ó3e, figs. 38, 40, 41). 
This suggests that the genetie complex governing the n ature of 
the suture is less adaptive than the shape ot‘ the conch. Among 
the Jurassic “aganitici” there is a eertain homogeneity in ti io 
suture, mainly in the pronouneed lateral lobe, and in the pro- 
jected ventral saddle with its shallow lobe. The diíferences en- 
eountered are more a matter of degree, with some element of the 
suture being* largor, deeper. or of slightly different shape (Fig. 
14). The scope of variation is similar to that fonnd in species 
of the Clydonautilidae. 

The early “aganitici” such as 4 ‘ IJcrcoylossa” kuchi (Frinz) 
of the Lias, Xautilus subsinuatus d’Orbigny of the Inferior 
Oolite, N. crassisinuatus Criek also of the Inferior Oolite, X. pcl- 
¡ ercnsis Vialli of the Bajocian of north Italy, and A. duilii Gem- 

Kg. 15. Cross sections of the conch of A, Pseudagatúdes pulchellus 
(Jeannet) 1951, fig. 45, diameter 44 min. ; B, P. IcrenTceli (Jeannet) 1951, 
fig. 37, diameter 50 mm.; C, P. oppcli (Zittel) 1868, pl. 4, fig. Ib, diameter 
100 mm.; 1), P. subbiung ida tus (d’Orbignv) 1850, from d ’Orbigny, 1843, 
pl. 34, fig. 2, diameter 92 mm. ; E, P. rogtri (Loesch) 1914, fig. 3b, height 
50 mm. ; F, P. sclnieidi (Loesch) 1914, fig. 2a, height 35 mm.; (*, P. 
aganiticus (Sehlotheim) from Jeannet, 1951, fig. 42, height 25 mm.; //, P. 
kochi (Prinz) 1906, fig. 5, height 77 mm.; V, P. frickensis (Jeannet) 1951, 
fig. 36, diameter 46 mm.; J, P. st ni tnbt rgi tisis (Oppel) 1865, pl. 2, fig. 8a, 
diameter 98 mm.; Jv , P. btinihabt ri (Loesch) 1914, fig. 5b, height 50 mm.; 
Iiving chamber; L , P. bntnltuberi (Loesch) 1914, fig. 5a, height 39 mm.; 
phragmocoiie ; M y P. sinirntus (Sowerbv) from d ’Orbigny, 1843, pl. 52. 
diameter 188 mm.; X, P. gravcsianus (d’Orbigny) 1843, pl. 38, diameter 
270 mm.; O, Pseudoiiautiius aturioidcs (Pictet) 1867, pl. 11, fig. le, diameter 
60 mm.; P, P. malbosi (Pictet) 1867, pl. 9, fig. 2b, diameter 100 mm.; Q. 
Psevdaganides dumasi (Pictet) ls67, pl. 10, fig. 21>, diameter 69 mm. 
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mellaro are all comp ressed, involute forms witli the whorls 
higher tlian wide. The sutures llave pronouneed lateral lobes and 
are strongly projected towards the venter which they cross in 
nearly a straight line. In nearly all other speeies of Pseudagan - 
ides there is a slight lobe on the peripheral area. The lateral 
saddle in the ahove early “aganiticL’ is cpiite variable. It is 
very pronouneed in X. subsinuains and X. crassisimiatus but 
ver y low in A r . pellerensis and A’, duilii. In each of these latter 
two speeies the umbilical seam passes through about the middle 
of the lateral saddle. 

The sutures in moxt of the remaining ‘ 'aganitiei of the Juras- 
sic have a shallow lohe 011 the venter. Tliis small ventral lobe 
appears to persist in forms like A T . ammoni Loeseh, X, rogeri 
Loeseh, X. schncidi Loeseh, etc., but in X. schlosscri, after the 
ventral lobe having been present, it disappears in the last few 
sutures and is nearly straight or only slightly arehed aeross 
the venter (see Loeseh, .1914, p. 115, fig. 8). 

There is a rather large degree of variation in the shape of 
tlíe eoneh in the speeies here assigned to Pseudagan id es (Fig. 
15). All of the speeies have nantiliconic eonehs but vary in the 
eharacter of the ventral shoulders and in the width to lieight 
proportions of the whorl section. In the type speeies, N. kut- 
ch ensis, the whorl seetion is sub rectangular witli subangular 
ventral shoulders, an arehed venter, and fiattened eonvergent 
ñanks. Subangular to aentely rounded ventral shoulders are 
present in X. argoricnsis Loeseh, X. cnnnwni Loeseh, X. klebels- 
bergi Loeseh, X. aganiiieus Sehlotheim, X. tubingensis Loeseh, 
A\ hclvetieus Loeseh, X. brunhubcri Loeseh, X. friekensis Jean- 
net, and X. subbiangulatus d’Orhigny. Well rounded ventral 
shoulders and arehed venters are found in A pulchclhis Jeannet, 
X. schncidi Loeseh, A\ strambergensis Oi>pel, A . fran cónicas 
Oppel and X. oppcli Zittel. Sonic sp<>cies have slightly eoneave 
venters, as in A r . subbiangulatus d’Orbigny and X. rogeri Loeseh. 
In X. ammoni and A’, schlosscri the venter bccomes slightly eon- 
eave on the living ehamber, but is arehed on the phragmoeone. 
The width and lieight measurements of the whorl seetion in X. 
kutch ensis are approximately equal. Tliis same ratio is present 
in many other speeies of Pseudagan id es (e.g. X. pulchellus Jean- 
net. A T . rogeri Loeseh, X. brnnlniberi Loeseh, A\ schncidi Loeseh, 
X. ammoni Loeseh, etc.). Alore eompressed speeies inelude X. 
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subbianyulatus d’Orbigny, X. f riel' en sis Jeannet, X . stnunbcr- 
(jensis Oppel, etc. Xautilus kochi lias a highly eompressed eoneli 
aví t h eouvergent whorl sides and a rather narrow rounded venter. 
lt appears to be mcrely an extreme form of Pscudayanidcs and 
does not varrant separation as a distinct gemís. Ilcrcoylos- 
soccras established by Spath for *Y. kochi is liere eonsidered a 
synonym uf Pscudayanidcs. Vhereas the degree of eonvergenee 
of the whorl sides is greatest in A T . kochi the degree of eompres- 
sion of tlie eoneh is fonnd in several other speeies. 

Loeseh (1914) has described several speeies of Upper Juras- 
sie nantiloids which are very similar in eoneh shape and suture 
to typieal Hcrcoylossa of the late Cretaeeous and earlv Tertiaty. 
That is, these speeies have well rounded ventral shoulders and 
arehed venters. Spath (1927a) ineluded tliem tentatively in 
Hcrcoylossa but also expressed the opinión that they “probablv 
form an independent development. These Upper Jurassie 
“ hereoglossids” inelude among others : Y T . franconicus Oppel, 
srhmidi Loeseh, X. royeri Loeseh, X. brunhubcri Loeseh, X. 
rocwcri Loeseh, X. scliwcrtsclilaycri Loeseh, X. schlosscri Loeseh, 
X. stromcri Loeseh, X. oppeli Zittel, and X. stramberyensis Op- 
pel. Tn all of these speeies, however, tliere is a shallow ventral 
lobe wliieh is not fonnd in the Upper Cretaeeous-Tertiary Ilcrco- 
ylossa. The great similarity of these two groups is thought to be 
a ease of homeomorphy. The trae Hcrcoylossa develop from 
Cretaeeous Cimoniia whereas the Jurassie “aganitici" are de- 
rived from Liassic ('enaceras. 

Pscudayanidcs is widely distributed in Jurassie strata through- 
out Europe, and in Pakistán. Of a total of 37 speeies listed 
below, 1 is from the Lias, 9 are from Middie Jurassie strata, and 
28 are known from Upper Jurassie formations. 

DISTKIBUTIOX OF RPEUIEN OF Til K OFXFS I’SEUI)A(t ANIDES 



Speeies 



Stratigraphie (¡eographie 
Distribution Distribution 



P. (iganiticus (Schlotheiin) 1S*J0 



Jurassie Frauee 

(Oxfordian) 

Jurassie Europe 

(Upper ) 

Jurassie Switzerlnml 

(Oxfordian 



P. cimmoni (Loeseh) 1914 



P. argoviensis (Loeseh) 191^ 
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Speeies 


Stratigraphic 

Distribution 


Geographic 

Distribution 


P. hodeni ( Lóese h) 1914 


Jurassie 

(Oxfordian) 


Franee 


P. brunhvberi (Lotseli) 1914 


Jurassie 

(Upper) 


Europe 


P. clau.sH.s (d 'Orbigny ) 1842 


Jurassie 
(Bajoeian ) 


Franee 


P. crassi.sinmitua (Crick) 1898 


J urassie 
(Bajoeian) 


England 


P. d re pan en sin (Tagliarini) 1901 


Jurassie 

(Aliddle) 


Sicily 


P. duilii (Geinnudlaro) 1880 


Jurassie 

(Aliddle) 


Sieilv 


P. frunconieus (Oppel) 1865 


Jurassie 
(Titlionian ) 


Europe 


P. frickensis (Jeannet) 1951 


Jurassie 

(Callovian) 


Switzerland 


P. (jirurdoti (de Loriol) 1903 


Jurassie 

(Oxfordian) 


Switzerland 


P.glaber (Foord and Griek) 1890 


Jurassie 


England, 

Franee 


P. gravesianux (d ’Orbigny) 1843 


.! uvassir 


Franee 


P. helvéticas (Loesch) 1914 


Jurassie 

(Upper) 


Switzerland 


P. klebeJ.sbergi (Loeseh) 1914 


Jurassie 


Czeeho 




(Tithonian ) 


slovakia 


P.kochi (Prinz) 1900 


Jurassie 


Austria, 




(Lias) 


Hungary 


P.krcnVell (Jeannet) 1951 


J urassie 
(Upper) 


Switzerland 


P . }; u tclienxis ( Wa agen ) 1 8 73 


Jurassie 


Pakistán 




(Upper) 




P. ledonieus (de Loriol) 1903 


Jurassie 
(Oxfordian ) 


Franee 


P.oppeü (Zittel) 1808 


J urassie 
(Upper) 


Europe 


P. peUerensis (Yialli) 1937 


Jurassie 

Oüddle) 


Xorth Italy 


P. portlandicus (Foord and Criek) 1890 


Jurassie 

(Upper) 


England 


P. pulchellus (Jeannet) 1951 


Jurassie 

(Oxfordian) 


Switzerland 
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Speeies 


Stratigraphie 

Distnbution 


Geographie 

Distribution 


P. roemeri (Loeseh) 1914 


Jurassie 

(Upper) 


East Europe 


P. rogvri (Loeseh) 1914 


Jurassie 

(Upper) 


East Europe 


P. rogé r i (de Loriol) 1872 


Jurassie 

(Upper) 


Frailee 


P.scldosseri (Loeseh) 1914 


Jurassie 
(Tithouian » 


East Europe 


P. sc/dotheimi (Loeseh) 1914 


Jurassie 

(iíiddle) 


Lorraine 


P.sehneidi (Loeseh) 1914 


Jurassie 

(Tithonian) 


Europe 


P. sclnet rtschlageri (Loeseh) 1912 


Jurassie 

(Upper) 


Europe 


P. stramberymsis (Oppel) 1865 


J urassie 


Czecho- 




(Tithoniau) 


slovakia 


P.stromeri (Loeseh) 1914 


Jurassie 


Czeeho- 




(Tithonian) 


slovakia 


P. subo ion gula tus (d’Orbigny) 1850 


Jurassie 

(Bathonian) 


France 


P. subsinuatus (d’Orbigny) 1850 


Jurassie 

(Alkldle) 


Eligía nd 


P. tubingmsis (Loeseh) 1914 


Jurassie 

(Upper) 


Germany 


P. turl’eryi (Gemmellaro) 1*86 


Jurassie. 

(Middle) 


Sicilv 



Gemís Pskh I)( )\A l TiM'S .Mee k, 1876 

Pseudonaulihis Meek, 1876, p. 491. 

Ps endona útil us Spath, 1927a, pp. 20, 22, 26. 

P sen dona útil us 3diller and Collinson, 1953, pp. 293-295. 

Ti/pe specirs . Xautilus geinitzi Oppel, in Zittel, 1868, p. 45, pl. 2, figs. 17 
(Píate 12, figures 1, 2 and Text Figure 16 of tliis report). 

Tliis gemís is well charaeterizecl by tlie extreme ‘ £ goniatitic ’ ’ 
development of its suture. Only four speeies are assignable to the 
genus and the íollowing diagnosis has been eompiled from speci- 
mens in the M.C.Z. and the description and illustrations of 
these speeies. 

Conch iuvolute, compressed, and smooth. Whorl sides flat- 
tened, venter low and broadly arched. The ventral and umbilical 
shoulders are rounded. The whorl seetion is higher than wide. 
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The umbilieus is very small and deep. The suture has a deep 
narrow yentral lobe, a large V-shaped lateral lobe followed by 
a rounded saddle witli a small seeond lateral lobe just above 
the umbilical seam. There is a deep pointed dorsal lobe. The 
siphuncle is in a subventral position. 

The most diagnostic charaeter of Pseudouautilus is the sinuous 
suture witli the deep V-shaped ventral lobe. The four species 
assignable to Pseudonautilus are: P. geinitzi Oppel, the type 
species; N. aturioides Pictet (1867) ; N. dumasi Pietet (1867) ; 
and N. malbosi Pictet (1867). Loesch (1914, p. 130-131) dis- 
cussed in some detail various aspects of N. geinitzi and N. aturi- 
oides. Nautilus geinitzi is from the Upper Jurassic (Tithonian) 
of Moravia, Silesia, and France, and has also been reeorded from 
the Berriasian of Tunisia by Arnould-Saget (1953). Nautilus 
aturioides is from the zone of Iloptites boissieri, lowest Valan- 
ginian (Loesch, 1914, p. 131). Nautilus malbosi Pictet has more 
angular ventral shoulders than in the type speeies and likewise 
the ventral and lateral lobes are rounded rather than pointed. 
In respect to the suture, N. malbosi and V. dumasi are more or 
less intermediate forms between tvpical Pseudaganides and N. 
geinitzi , the type speeies of Pseudouautilus. The assignment of 
these two species to Pseudouautilus is open to question. Nautilus 
malbosi has been reeorded from Lower Cretaceous formations in 
central Europe (Pictet, 1867), Algeria (Pomel, 1889), and from 
the Crimea (Karakasch, 1907). 

One of the most remarkable cases of homeomorpliy among 
post-Carboniferous nautiloids is the similarity of Nautilus (Aga- 
nides) bitauniensis llaniel from the Permian Bitauni beds 
(Leonardian) of Timor and Pseudouautilus geinitzi Oppel (Fig. 
16.) Miller and Collinson (1953) llave recently discussed this 
problein and erected the genus Pcrm overas and the family 
Permoceratidae for llaniel ’s speeies. They likewise reeognized 
the homeomorphous relationship of these two nautiloids. Among 
Triassic nautiloids sinuous sutures are found in the Clydonautili- 
dae, Gonionautilidae Siberionautilidae, and in the genus Clyme- 
nonantilus of the Svringonautilidae. Sinuous sutures are, how- 
ever, not eommon in Permian nautiloids. Among the forms 
comprising the Grypoeeratidae, Gry poce ras (Plummer overas) 
plmmneri (KitmmeL 1953c) — a compressed evolute, quadrate 
whorled form — has a suture with a deep ventral lobe and a broad 
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deep lateral lobe. The general sliape of the conch exeept for the 
degree of involution is rather similar in G. ( Plummeroceras ) and 
Permoceras. AVithin the complex of Permian nautiloids no^ 
known it seems more logieal to eonsider Permoceras an oífshoot 
of the Domatoceras-Grypoeeras evolving stock and thns a mem- 
ber of the Grypoceratidae. 




Fig. 16. Diagrammatie representation of sutures and cross sections of 
Permoceras bitauniense (Haniel) A, B, and Pseudonautilus geinitzi (Oppel ' 
(\ D, a 11 X 1. Froin Milleiv and Collinson, 1953, fig. 1. 

Subfamily PARACENOCERATINAE Spath, 1927 

AVhen Spath established tliis taxonomic unit (originally as a 
family) he included in it Paracenoceras Spath, Tithonoceras 
Retowski, SomaUnautüus Spath, Aulaconautilus Spath, Carino - 
nautilus Spengler and with question Heminautilus Spath. Ex- 
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amination of topotypes of Heminautilus etheringtoni Durkam 
and the deseriptions and illnstrations of H. laüierianus d’Or- 
bignj T (espccially in Donvillé, 1916, pl. 17) lead me to eonclude 
tliat these species belong more properly in the Gymatoeeratinae. 
They have the charaeteristie ribbing, even thougk in some speei- 
mens the ribbing is very weak or absent, and a hercoglossid suture, 
more sinuous than the suture in most species of the Paraceno- 
ceratinae. Ilowever, on the basis of the ornament alone this 
genus should not be left in the Paraeenoeeratinae. 

Carinonautilus is a monotypic form known only from the 
Upper Cretaeeous of south India. The paraeenoceratids are 
primarily a Jurassie radiation from the Cenoceras complex and 
it is difficult to visualize a derivation of Carinonautilus from 
this source. It is here allied to the Nautilinae and considered a 
derivative of EutrepJioceras whieh is the long-persisting, slowly- 
evolving stock ranging from the Upper Jurassie to the middle 
Tertiary. Of the remaining genera, only Para cenoceras is wide- 
spread and fairly coinmon as far as Mesozoic nautiloids go. It 
has by far the largest number of species; of a total of 42 species 
in this familv 35 belong in Paracenoceras . Tithonoceras is mono- 
typie, Somalinautilus and Aulaconautilus have three or less 
species each. 

Whereas Spatli did not diagnose this family at length, he did 
state tlnit it was k ‘ characterized by differentiation of the peri- 
phery, generally associated witli increase of the sinuosity of the 
suture line, and a ventral lobe” (Spatli, 1927a, p. 25). Para- 
cenoceras has a broad, generally sulcate periphery. Tithono- 
ceras has a broad ñattened peripheiy witli a median furrow 
and the ventrolateral area projected into a prominent blunt keel 
aligned by furrows. Somalinautilus has an arclied venter witli 
angular ventral shoulders. Aulaconautilus has longitudinal ribs 
on the peripheral area. 

Both Paracenoceras and Somalinautilus are interpreted as oft’- 
shoots from the Cenoceras complex. Both of these genera first 
appear in the Middle Jurassie and it seems likely that they stem 
from sepárate sources within Cenoceras. Aulaconautilus and 
Tithonoceras are more speeialized developments stemming from 
Paracenoceras. The snbfamily is largely confined to the eastern 
hemisphere, being known from England, Europe, east and nortli 
Africa, Arabia, and Pakistán. The onl.v occurence of a member 
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JEig. 17. Geographic distribution oí’ speeies oí the subfamily Paraceno- 
ceratinae in formations oí Jurassic and early Cretaceous age. 
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of this subfamily in the western hemisplicre is Paracenoceras in 
Cuba. As is so ckaracteristic of post-Triassie nautiloicls the main 
stock of a subfamily is generally a highly variable form with 
many described species and a wide geograpliie distribution. This 
is well illustrated in the distribution of speeies of this subfamily 
(Fig. 17). 



Genus PARACENOCERAS Spath, 1927 

Paracenoceras Spath, 1927a, pp. 22, 25. 

Paracenoceras Spath, 1935b, pp. 224-225. 

Paracenoceras Scott, 1943, pp. 88, 89. 

Xautilus ( Paracenoceras ) Jeannet, 1951, pp. 10-17. 

Paracenoceras Miller and Collinson, 1952, pp. 026-628. 

Type species. Xautilus hexagonus J. de C. Sowerby, 1826, pl. 529, fig. 2 
(illustrated here on Píate 8, fig. 1, and Píate 13, figs. 1, 2; Text Fig. 
18). Type by original designation. 

Paracenoceras is the only genus of the Paracenoeeratinae that 
is nearlv world wide in distribution and ineludes a relatively 
iarge number of species. Of the remaining genera of this sub- 
family one is monotypic and the remaining two genera contain 
no more than three species apiece. The type species — Xautilus 
hexagonus J. de C. Sowerby — was previously only known 
through the rather unsatisfactorv description and woodcut illus- 
tration (J. de C. Sowerby, 1826, pl. 529, fig. 2). Sowerby ’s type 
is illustrated on Píate 13, figures 1, 2, and Píate 8, figure 1 and 
Text Figure 18. 

The genus can be diagnosed as follows : Concli robust, involute, 
smootli. AVhorl section subtrapezoidal in outline. Whorl sides 
flattened, eonvergent towards a broad venter that ni ay be flat- 
tened or trúncate to distinetlv sulcate. Ventral shoulders well 
rounded. Umbilicus generally small, umbilical shoulders 
rounded, umbilical walls steep. The shell is smooth except for 
sinuous growth lines which form a deep sinus on the broad 
venter. The suture is only slightly sinuous but with a distinct 
ventral and lateral lobe and a small saddle at the umbilical 
slioulder and wall. The position of the siphuncle is cpiite vari- 
able but never in an extreme ventral or dorsal position. The 
polished median section of Sowerby ’s type specimen shows that 
the siphuncle is beaded and with short funnels (Píate 8, fig. 1). 
Similar beaded siphuncles have been also noted by Spath (1927a, 
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]). 28) in species ot* Bisiphytes,’' “ Digonioceras,” and Cyma- 
toceras. 

Approximately 35 species of Paracenoceras have been recorded 
most of wliich are from Upper Jurassic strata. Spath (1935b, p. 
224) has described Paracenoceras prohexagonum from strata o* 




Fig. 18. Paracenoceras Jiexagonum ^¡Sowerbyj. Diagrammatie eross sec 
tion of holotype represented by figures 1, 2, Píate 13, and figure 1, Píate 
8, X 1. 

Bathonian ? age. This is the oldest species known, and the 
youngest s])ecies of Paracenoceras appears to be P. rhoclani 
(Roux) from tlie Albian of Switzerland. 

Sowerby’s type of Xautilus hexagonus, refigured here on Píate 
13, figures 1, 2 and Text Figure 18, is a large phragmocone meas- 
uring 95 mm. in diameter, 54 mm. in height of last whorl, and 
67 mm. in widtli of the last whorl. The whorl sides are only 
slightly convex and converge towards a broad sulcate venter. 
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Figure 19 
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The umbilical and ventral slioulders are well rounded. The 
umbilicus is fairly large, deep, and funnel shaped. The umbili- 
cal walls are ver y steep. The large siphuncle is subcentral in 
position. 

Therc is much variation in shape of the whorl seetion among 
the various species of Paracenoceras . The cross sections of 12 
speeies are illustrated in Figure 19 to show the degree of varia- 
tion. Sulcation of the venter of the adoral volution as on the 
type species, is not prexent on several of the species wliicli have 
merely truneated venters or ventral areas slightly arehed. Para- 
re noccras marocensc Miller and Collinson (1952) has a broad 
sulcate venter at early maturity but the venter beeomes arehed 
witli increasing size (Text Figure 19 G-I). The whorl sides also 
show some variation from being slightly coneave as in P. hexa- 
(jonum and P. marocensc , to ñattened or slightly convex in most 
of the remaining species. Yariations in suture are mostly a mat- 
ter of degree. Sutures of several species of Paracenoceras are 
illustrated in Figure 20 for comparison. 

Paracenoceras costatum Scott (1943, p. 88, pl. 24, figs. 1, 3), 
witli prominent sigmoidal costae on the whorl sides, belongs in 
the genus Procymatoceras. Scott (1943, p. 89) compared "Para- 
cenoceras” cosiatum with P. jumáronse (Waagen, 1873, p. 21, pl. 
4, figs. la, b) which has sigmoidal ribs onlv on the whorl sides, 
tliat terminate in large tubercles at the ventrolateral shoulder. 
Ilowever, Spath (1927a, p. 32) (piestions the aecuracy of 

Fig. 19. Cross sections of the condi of A, Paracenoceras callovicnsis 
(Oppel), from Waagen 1873, pl. 3, fig. 21), diameter 63 mm.: B. P. sitbhexa- 
gonum Jeannet 1951, fig. 19, height 42 mm. ; C, P. roliieri (Loesch) from 
Jeannet 1951, fig. 29, height 27 mm. ; D , Aiilaconautihis bicarinatns Jeannet 
1951, fig. 32, diameter 41 mm.; E, Paracenoceras uandaensis (Waagen) 
1873, pl. 4, fig. 3b, diameter 85 mm.; F, Aulaconautiliis sexearinatus 
(Pictet) 1867, pl. 10, fig. Ib, diameter 107 mm., the genotvpe of Aulaco- 
nautilus; G, H, I, Paracenoceras m avócense Miller and Collinson, 1952, 
fig. 1 ( G , height 28 mm. ; H, height 4S mm.; I, height, 72 mm.) ; «7, P. 
prohexagonum Spath 1935, fig. 46, height 44 mm. ; K, P. hexagomun 
(Sowerby) from Spath 1933, fig. 4d, height 56 mm., the genotvpe of Para- 
conocerás; L, P. dilatatus Jeannet 1951, fig. 8, height 140 mm.; J/, P. 
l’umagunensis (Waagen) 1873, pl. 3, fig. Ib, diameter 72 mm.; K, P. 
hei m 2 nachcnsis Jeannet 1951, fig. 14, height 100 mm, ; O, P. enniamim 
(Daequé), from Scott 1940, pl. 24, fig. 2, height 70 mm.; P, P. arduennensis 
(Loesch, 1914) from Jeannet 1951, fig. 26, height 19 mm. ; Q , Aulaco- 
nautilus picteti (Oppel). from Zittel 1868, pl. 3, fig. 36, diameter 95 mm. 
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Waagen’s illustration and points out that the specimens are 
badlv weathered. Spath quite rightly maintains tliat the affini- 
ties of P. j innóvense are very doubtful and the species ean be 
retained in Paracenoccras with question. 

A list of the species assigned to Paracenoceras with their gen- 
eralized geologic and geographic data is given heiow. Most of 
the species are from the Jurassic Tethyian geosynclinal area and 
adjoining epicontinental seas of Europe. Several occurrences 




h ig. 20. Diagrammatic representaron of satures of A, Paracenoceras 
clüatatus Jeannet 1951, fig. 8; B, P. hexaganum (Sowerby), from Spath 
1935, fig. 4e, the genotype of Paracenoccras ; C, P. acl'lini Jeannet 19ol. 
fig. 25; I), P. marocense Miller and Collinson 1952, fig. 1A ; E , P. rollieri 
(Loesch, 1914) from Jeannet 1951, fig. 29; F, P. herznachensis Jeannet 
1951, fig. 14; G, ncminautihis stantoni Sc-ott 1940, fig. 179; i?, Paraceno- 
ccras prohexagonum Spath 1935, fig. 4c; 1, Ueminautilus ctherinc/toni Dur- 
ham 1946, fig. 3C; J, Ueminautilus lallierianus (rl’Orbigny) from Durham, 
1940, fig. 3 A. A 11 figures greatly rednced. 
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in eastern Africa, Madagascar, Arabia, and in Pakistán form an 
eastern extensión of the European faunal distribuí ion. The 
only oceurrence known in the Western Hemisphere is in Cuba 
(Sánchez Koig, 1951). As noted above, most of the species of 
Paracenoceras are Upper Jurassic in age. 

DISTRIBUTION OF SPECIES OF THE GEXUS PARACENOCERAS 

Stratigraphic Geographic 



Species 


Distribution 


Distribution 


P.achlini (Jeannet) 1951 


Jurassic 

(Callovian) 


Switzerland 


P. arduennonsis (Loesch) 1911 


Jurassic 

(Oxfordian) 


France 


P. bruntrutanae (Kuhn) 1936 


Jurassic 

(Upper) 


Gerniany 


P. calloviensis (Oppel) 1858 


Jurassic 

(Callovian) 


Europe 


P. rlilatatíis (Jeannet) 1951 


Jurassic 

(Callovian) 


Switzerland 


P.divesianus (Kulm) 1936 


Jurassic 

(Upper) 


France 


P. dorsatus (Roemer) 1836 


Jurassic 

(Upper) 


Germany 


P. dorsoexcavatum (Parona anrl Bonarelli) 1897 


Jurassic 

(Callovian) 


France 


P. ennianum (Dacqué) 1905 


Jurassic 

(Upper) 


Somaliland 


P. gigauteus (d’Orbigny) 1825 


Jurassic 

(Upper) 


France 


P . grconulosum (d’Orbigny) 1843 


Jurassic 

(Upper) 


France 


P. hersnachensis Jeannet, 1951 


Jurassic 

(Callovian) 


Switzerland 


P. hexagonoides Spath, 1927 


Jurassic 

(Tithonian) 


Pakistán 


P. hexagonum (J. de Sowerby) 1826 


Jurassic 

(Upper) 


Europe 


P. jeanneti Sánchez Roig, 1951 


Jurassic 

(Oxfordian) 


Cuba 


P.? jumarense (Waageu) 1873 


Jurassic 

(Bathonian) 


Pakistán 
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Stratigrapbic Geograpbie 
Species Distribution Distribution 



P. 1: urna g únanse (Waagen) 1873 


Jurassic 

(Callovian) 


Pakistán 


P.latifrons (Zwierzvcki) 1914 


Jurassic 

(IJpper) 


Tanganvika 


P. marocense Miller and Collinson, 1952 


Jurassic 
(Upper) ? 


Morocco 


P. mjnlschl'ovanus (Loescb) 1914 


Jurassic 

(Upper) 


Russia 


P. morca ui (d’Orbignv) 1842 


Jurassic 


France 




( Kimmeri dgi a u ) 


P . mullerriedi Sánchez Roig, 1951 


Jurassic 

(Oxfordian) 


Cuba 


P. proliezagonum Spatli, 1935 


Jurassic 


British 




(Batbonian?) 


Somaliland 


P. rhodani (Ronx) 1848 


Pretaceous 

(Albian) 


Switzerland 


P. rollieri (Loescli) 1914 


Jurassic 

(Oxfordian) 


Switzerland 


P.sattleri (Krenkel) 1910 


Jurassic 


Tanganvika 




(Kirmneridgian) 


P. schnttenbcrgi (Kulin) 1936 


Jurassic 

(Upper) 


Germanv 


P.schusteri (Loesch) 1912 


Jurassic 


France 




(Kimmeridgian) 


P. siculas (Gemmellaro) 1S6S 


Jurassic 
( Upper) 


Sicily 


P. Hnuosns (Roemer) 1836 


Jurassic 

(Upper) 


Germanv 


P. staffelbergensis (Kiilm) 1936 


Jurassic 

(Upper) 


Germanv 


P. subhe xa gonus (Jeannet) 1951 


Jurassic 

(Callovian) 


Switzerland 


P. volgcnsis (Nikitin) 188S 


Jurassic 


Russia 


P. ica?idaense (Waagen) 1873 


Jurassic 

(Upper) 


Pakistán 


P. wihnae (Jeannet) 1951 


Jurassic 

(Callovian) 


Switzerland 
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Genus A T LACON AUTILUS Spath, 1927 

Aulaconautilus Spath, 1927a, pp. 22, 25. 

Xautilus ( Aulaconautilus ) Jeannet, 1951, p. 17. 

Type spccics. Xautilus scxcarinatus Pictet, 1867, Pl. 10, figs. la*e (repro- 
cluced liere as Píate 14, figs. 1, 2). Type by original designation. 

The following diagnosis is made from study oí the deserip- 
tions and illustrations of the three species tliat ean be assigned 
to this gemís. No specimens were available for study. Coneh 
involute, generally compressed, with greatest width of the 
wliorls just below the umbilical shoulders. VThorl sides smooth, 
convex and converging. Ventral shoulders rounded, venter 
broad, low, and with longitudinal ribs. Umbilicus very small, 
umbilical shoulders rounded. Suture sinuous Avith a shallow 
ventral lobe, a broad deep lateral lobe with a saddle at the 
umbilical shoulder. Position of the siphuncle not known. 

Only three species can be placed in Aulaconautilus; tliese are 
.i. scxcarinatus (Pictet) the type species, A. pictcti (Oppel), 
and A. bicarinatus (Jeannet). There is variability in the conch 
shape, suture, and ornamentation. The type species, A. scxcari- 
natus, has eight longitudinal ribs on the venter (Píate 14, figs. 
1, 2 and Text Figure 19F), divided by shallow furrows. The 
median furrow is the most prominent. The ribs at the ventro- 
lateral edge are the weakest of the ribs on the venter. Aulaco- 
nautilus pictcti has only four longitudinal ribs all of equal 
prominence ; the median furrow is the widest and deepest of the 
furrows between tliese ribs. This species likewise is mucli more 
inflated than the type species (Text Fig. 19Q). Aulaconautilus 
bicarinatus has a more depressed, subquadratic whorl section 
with a broad flattened venter. There are four widely spaced 
longitudinal ribs on the venter (Text Fig. 197)). The orna- 
mentational pattern of longitudinal ribs on the venter, wliieh 
characterizes Aulaconautilus, is unique for post-Triassic nautil- 
oids. A homeomorphous development is the Permian and Trias- 
sic genus Aulametacoccras Miller and Unklesbay. The type of 
this genus is Middle Permian in age (from Arizona). The only 
other species assigned to it is Xautilus rectangulcins Ilaner of 
Upper Triassic age. Aulametacoccras is considered a radiation 
from the stable evolving Mctacoccras complex (Kummel, 1953c). 

The sutures of species of this genus, especiallv those of the 
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type speeies, are very similar in plan and degree of sinuosity 
to tliose of Pseitdaganidcs. The other groups of the Paraceno- 
eeratinae have sutures with very shallow lohes and saddles. 

The three known speeies of A ulaeona ntilns come from Upper 
.Jurassic strata of Europe. 

Genos TiTHOXOCEKAS Petowski, 1894 

Tithonoceras Kctowski, 1894, p. 223. 

Tithonoceras Crick, 1908, p. 14. 

Tithonoeeras Spath, 1927a, pp. 20, 22, 25. 

Type ftpcciei s\ Tithonoceras zitteli Retowski, 1894, p. 223, pl. 13, figs. 2a, b, e 
(refigured heve mi Píate lo, figs. 1, 2). 

This is another of the numeróos monotypie Mesozoic nautiloid 
genera. The type speeies is from Tithonian (Upper Jurassic) 
strata of the Crimea. The eoneh is evolute, eompressed, and 
smootli. The whorls are subrectangular in ootline. being higher 
tlian wide. The venter is broad, flattened. and with a shallow 
median forrow. The ventral shoulders are inflated and forrn a 
smooth keel-like ridge tliat is aligned on the venter and the 
whorl sides bv a forrow. The ventral forrow aligning the 
ventrolateral keel is ratlier narrow bot very distinct. The fur- 
row on the whorl sides adjoining the ventrolateral keel is con- 
eave and broad occnpying nearly lialf of the whorl side. The 
dorsal half of the whorl side is eonvex passing onto a broadlv 
roonded umbilical shoulder. The umbilicos is large, measuring 
one-eighth the diameter of the conch. The shell is smooth except. 
for sinuoos growth lines wliieh are deeply concave on the venter. 
The suture is very sinuoos with ventral and lateral lobos. The 
position of the siphuncle is not known. 

Proper evaluation of monotypie fonos is not entirely satis- 
factory. Little can be said of Tithonoceras exeept tliat it appears 
to be a specialized offshoot of Paraeenoceras. The general eoneh 
fono is unique among Carhoniferous to Reeent nautiloids. 
There are no homeomorphous types of other ages known to me. 
In its derivation from Paraeenoceras there was merely greater 
compression of the conch and further elaboration of the ventral 
a rea. 

The type and only known speeies of Tilhonoceras carne from 
Tithonian strata (Upper Jurassic) of the Crimea, Rnssia. 
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Gemís SOMALIXAUTTLUS Spath. 1927 

Tffpt ¡spedes. X autillos antiquus Dacqué, 1910 (=X. bisuleatus Daequé, 1905, 
p. 141. pl. 16, figs. 3a, h). Type by original designation. Type figure 
reprodueed here on Píate 14, figs. 3, 4. 

The Paracenoceratiiiae are derived from Liassie cenoceratids 
and are eharacterized by modified venters. The earliest species 
of this subfamily are ineluded in the gemís Somalinautilus. At 
this date onlv three speeies of Somalinautilus have been re- 
eorded. The type species is from Upper Jurassic (Kimmerid- 
gian) strata of Somaliland. The otlier species definitely assigned 
lo this gemís are Xautilus fuscus Crick (1898, p. 122) and X. 
clausus in Foord and Crick (1890b, p. 284) non d’Orbignv (1842, 
p. 158. pl. 83). 

From the description and illustration of the type species and 
study of several specimens of Xautilus fuscus in the British 
Museuin (Xatnral Historv), the following diagnosis is made. 
Conch involute, depressed, rapidly expanding, wliorls wider 
than high. Venter slightly arched with subangiilar ventral 
shoulders, with a distinct furrow on venter adjoining the ventral 
shoulder. The whorl sides are concave adjacent to the ventral 
shoulders and convex towards the umbilicus. Umbilical should- 
ers are sliarply rounded and the umbilical wall very steep. 
Umbilicus measures less than one-quarter the diameter of the 
conch. Surface of the conch with sinuous growth lines and mav 
or may not have longitudinal striae. Suture forms shallow 
ventral lobe, generally an angular saddle at the ventral shoulder 
followed by a broad, shallow, lateral lobe, with a low saddle on 
the umbilical wall. The position of the siphuncle in the type 
species is not known but in Xautilus fuscus it is slightly below 
the eenter. 

Each of tiie generic groups of the Paracenoceratinae is very 
distinct and Somalinautilus with its subangular ventral shoulders 
and low arched venter is readily differentiated from the other 
genera. Somalinautilus most probably aróse directly out of the 
Cenoceras complex and not from Paractnoccras. There are 
several quadrate whorled forms of Cenoceras which could have 
«j: i ve n rise to tliose Middle and Upper Jurassic species placed 
in Somalinautilus. Species of this genus are known from Eng- 
land, France, and Somaliland. 
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Subfamily CYMATOCERATINAE Spath, 1927 

This subfamily now comprises 10 genera of post-Triassic 
nautiloids which liare variable conch shapes and degree of 
sinuosity of the suture but llave in common an ornamentational 
pattern eonsisting of ribs. Ornamentation is relatively rare in 
post-Triassic nautiloids, excepting tliose forms within the Cyma- 
toceratinae. Tliere are no speeies with nodose ornamentation 
known. Within this subfamily there is displayed a wide range 
of adaptive radiation as seen in the extent of variation in 
conch shape and suture. The genus Cymat oceras is the basic 
adaptive type; it has an involute, rounded conch with only a 
slightly sinuous suture. Paracymat oceras is like Cymatoceras 
in conch form but has a more sinuous suture with distinct lobes 
and saddles. Syrionautihts , Anglonautilus, and Eucymat oceras 
are diffcrentiatcd on modifications of the ribbing plan. Cymato- 
nautilus , Hcminautilus, Epicymat oceras (n. gen., p. 439), and 
Deltocymat oceras (n. gen. p. 438) are differentiated by their 
modified conch shapes. Heminautilus and Epicymat oceras have 
highly compressed eonchs and flattened venters. The former is 
very involute and the whorl section more convergent in plan. 
The latter is more evolute and with a simple, only slightly 
sinuous, suture. Deltocymat oceras has a subtriangular whorl 
section and Cymatonautilus has an evolute conch with a concave 
ventor and whorl sidos. 

The only common and geographically-widely-distributed genus 
is Cymatoceras. This fact is clearly expressed in the number of 
speeies belonging to each group. 



Cymatoceras 


64 speeies 


Paracymat oceras 


6 speeies 


Hcminautilus 


5 speeies 


Procymatoceras 


4 speeies 


Eucymat oceras 


3 speeies 


Anglonautilus 


3 speeies 


Cymatonautilus 


2 speeies 


Synonautilus 


1 speeies 


Epicymatoceras 


1 speeies 


Deltocymat oceras 


1 speeies 



Cymatoceras has a trulv world-wide distribution. The other 
genera are largelv confined to Enrope in the epicontinental seas 
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adjoining tlie Tethyian geosyneline (Text-Figs. 21, 22). Eucy- 
matoceras , Anglonautüus, Syrionautilus, Cymatonautüus, Epü 
cymatoceras , and Deltocymal oceras are known only from a belt 
cxtending from England to the Crimea or Caucasus Mountains 
in Iíussia in sediments of t he Jurassic and Cretaeeous epicon- 
tinental seas of and adjoining the Tethys proper. Procy mato- 
ceras is known from England, Pakistán, and Ethiopia; ITemi- 
nautilus and Paracymatoceras are known outside the European 
Tethyian belt from North and South America, Ethiopia, and 
Tapan. 

The known distribuí ion of fossil nautiloids is so dependent 
on faetors of preservation and eoncentration of field eollecting 
that it is probably dangerous to make any too-sweeping conclu- 
sions. ITowever, the number of species does at least reflect the 
relative abundanee of the various genera. If we think of the 
Tethys as an ancient cireum-equatorial sea the Cymatoceratinae 
are íound to be largely eonfined to the borders of this seaway. 
Many genera (e.g. Eucymatoceras , Syrionautilus , Cymatonau- 
tilus , Epicymatoceras , and Deltocymatoceras) are eonfined en- 
tirely to the European-Middle East portions of this cireum- 
equatorial sea. 

Analysis of the distribution of the Cymatoceratinae on a time 
basis throws some light on the general problem of their evolu- 
tion. Procymatoceras and Cymatonautüus are known only from 
Middle and Upper Jurassic strata. The species of these genera 
are eonfined to the marginal seaways of the Tethys from Eng- 
land to India. Whereas, to the best of my knowledge, the 
species of these two genera llave never been found in a single 
stratum and locality, their geograpliic and time ranges do over- 
lap. 

In the Cretaeeous, the gemís Cymatoceras is widely distributed 
throughout the period. Anglonautüus , Eucymatoceras , and 
Heminautüus are eonfined to the Lower Cretaeeous. Anglo- 
nautilus and Eucymatoceras haré approximately the same 
geographic* range from England to the Black Sea. Whereas 
Heminautüus also oecurs in this European-Mediterranean-belt 
it is likewise known from Ethiopia, Arkansas (U.S.A.), and 
Colombia. The Upper Cretaeeous genera Epicymatoceras and 
Deltocymatoceras occur together in the type Maestrichtian area 
of Belgium, and Syrionautilus is eonfined to the Middle East. 
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Fig. 21. Geographic distrilmtion of speeies oí the subramilv C 'y mato 
coiatinae in forma tions of Lower Cretaceous age. 
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Fig. 22. Geographic distribution of species of tho subfamily Oymato 
coratiiiao in formations of TTpper Cretaceous age. 
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The wide range in variation of concli shape and suture within 
the Cymatoceratiuae produeed many homeomorphs to other 
members of the Nautilidae. The presence of the characteristie 
ribbing malees clifferentiation easy. The conch shape and suture 
of Deltocymatoceras are elosely similar to tliat of Angulithes of 
the Ilercoglossinae. The conch shape and suture of many species 
of C y mat oceras and Eucymatocercis are nearly the same as that 
found in many species of Eutrcphoceras and Cimomia. The 
suture of Paracymat oceras is identical in plan with that found 
in Hercoglossa. 

This great variability in conch shape and suture leads me to 
believe that the Cymatoceratinae form a phyletic group which 
has as its main genetic base the ribbing character. Once estab- 
lished, this genetic line liad its own adaptive radiation which 
is expressed in the many conch shapes, rib patterns, and sutures 
as it is in any other group of Mesozoic nautiloids. This subfamily 
is the dominant group of Cretaceous nautiloids. Ribbing, on a 
pattern somewhat likc that in the Cymatoceratinae, occurred 
only once before, and that was in a single species of Upper 
Triassic nautiloid -Proclydonautilus spirolobus (Dittmar). The 
ribbing in this species is verv fine and like that in Syrionautilus , 
whereas in most other genera and species of the Cymatoceratinae 
the ribbing is coarser. It is important to note that Proclydonau- 
tilus spirolobus belongs to a family that characteristically has 
smooth conchs exeept for a few forms with nodes developed 
during somc stage of their ontogeny ( Cosmonautilus Hyatt and 
Smith, 1905, and Callaionautilus Kieslinger, 1924). The ribbing 
patterns found in species of Pleuronautilus are quite difieren t 
from those of the Cymatoceratinae. 

Data are insuíficient to decipher precisely the evolutionary 
lines within the Cymatoceratinae. The evidence available 
seems to point to Cymatoceras as the parent stock which gave 
rise to most of the remaining adaptive types. The origin of the 
subfamily must be dircctly or indirectly among the cenoceratid 
complex of the Lower and Middle Jurassic. Even though Cyma- 
tonautilus and Procymatoceras are the oldest forms known, they 
are both rather specialized and probably not ancestral to Cyma- 
toccras, which as far as we now know first appears in the Cre- 
taceous. 

Neocymatoceras Kobayashi (1954) was established for a single 
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specimen from the Oligocene of Kyusliu, Japan. Neocymat oceras 
tsakíishiense, the type species, is a typical cymatoceratid in conch 
shape and rib pattern but has a strongly projected suture which 
forras a rounded ventral saddle, a broad sweepiug lobe occupying 
nearly the whole whorl side, and with what appears to be the 
beginning of a saddle on the umbilical area. Cymatoceratids 
with sinuous sutures characterize Paracymat oceras. However, 
in that genus the saddles and lobes are well defined ; that is, 
there is ahvays a well-defined saddle on or near the umbilical 
shoulder. It is also trne though that Paracymat oceras is grada- 
tional with Cymatoceras in regard to sutures. Those cymato- 
ceratids with more sinuous sutures show the sutures to be more 
strongly projected on the ventral area and in this way give 
the sinuosity; the lateral saddle at the umbilical area is usually 
very weak. Cymatoceras pseudonegama Spengler (Fig. 24 C) 
and C. semüobatus Spengler (Fig. 24 D) liave such strongly 
projected sutures on the umbilical area but not quite to the 
extent found in the Japanese Oligocene species. Similar strongly 
projected sutures in very small juvenile specimens of Cyma- 
toceras kave been described and figured by Kummel (1953a) 
from Lower Cretaceous formations of Texas. However, the 
suture of Neocymatoceras tsukush icnse appears to me to lie 
witliin the range of variation of the suture of Cymatoceras , and 
the lack of any lateral saddle in the umbilical area disallows any 
affinity with Paracymatoceras. The distinetness of the suture 
in Neocymatoceras tsukii sitíense is only in the marked projection 
on the peripheral area, a modification present in several Cre- 
taceous species. This interpretation places the Japanese species 
in the genus Cymatoceras, and Neocymatoceras is considered a 
synonym of Cymatoceras. It should be emphasized that C. 
tsuknshiense is the only Tertiary Cvmatoceratinae known. 

Genus CYMATOCERAS Hyatt, 1884 

Cymatoceras Hyatt, 1884, p. 301. 

Cymatoceras Hyatt, 1894, p. 553. 

Nautilus (Cymatoceras) Spengler, 1910, p. 127. 

Cymatoceras Spath, 1927a, pp. 21, 25. 

Cymatoceras Miller and Harris, 1945, p. 2. 

Cymatoceras Durham, 1946, p. 429. 

Neocymatoceras Kobayashi, 1954a, pp. 18-20. 
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Type spccics. Xautilus pseudoelcgans d’Orbigny, 1840, p. 70, pl. 8 (by 
original dcsignation). 

Speeies of Cymatoceras are the most eommoii and widely dis- 
tribu ted nantiloids of the Cretaeeons. The eharaeteristie pat- 
tern of ribbing and the slightly sinuous septa make identifieation 
of the genus easy. A cast of the type specimen (tvhich is in the 
Mnseum of Natural History, París) is illustrated on Píate 16, 
figures 1, 2. Tliis same speeimen has previously been illustrated 
by Foord and Criek (1890a, p. 551, figs. 3a, b), and tliis same 
figure was reprodueed in Foord \s seeond Catalogue of the 
Fossil Cephalopoda in the British Museum (Foord, 1891, p. 
255, fig. 59 a, b). Foord and Criek (1890a, p. 552) quote a letter 
from Dr. Paul Fiseher expressing doubt as to the identity of 
d'Orbigny’s type speeimen. Fiseher States: “The type of Nau~ 
tiius pseudoelcgans is difficult to reeognize. Aceording to the 
dimensions giren in the original diagnosis (diameter 240 milli- 
métres, thiekness 160 mm. Paléont. Frane. j). 60) our speeimens, 
No. 4834D, which were sent to yon are typical. [Foord and 
Criek, page 552, state that two speeimens were sent, botli num- 
bered 4834 D; the larger one is represented by their figure 3.] 
Moreover, they come from the neighborhood of Vandeuvre 

Fig. 23. Cross seetions of the eoiieh of A , Cymatoceras ciegan a (.1 
Sowerby) from d’Orbigny, 1840, pl. 19, fig. 2, diameter 190 mm.; Z», C. 
sharpei (Schliiter) 1876; pl. 46, fig. 6, diameter 168 mm.; C , C. tourtiae 
(Schliiter) 1876, pl. 46, fig. 2, diameter 88 mm.; l) y f. ccnomann\s\s 
(Schliiter), 1876, pl. 45, fig. 2, diameter 115 mm.; E, Eme y mal ornas sub- 
irán catus (Morris and Lyeett) 1850, pl. 1, fig. 22, diameter 72 mm., the 
genotype of Procymatoceras ; F, Procymatoccras baberi (Morris and 
Lyeett) 1850, pl. 1, fig. la, diameter 82 mm.; G y Paracymaf aceras aspa 
(Oppel) from Zittel, 1868, pl. 3, fig. la, diameter 83 imn., the genotype 
of Paraeymatoecras ; 7/, Procymatoceras? intumesecns (Waagen) 1873, pl. 
3, fig. 3, diameter 90 mm. ; 1, C. radiatus (Sowerby) from d’Orbigny, 1840, 
pl. 14, fig. 2, diameter 188 mm. ; J, C. neoeomiensis (d’Orbignv) 1840, pl. 
11, fig. 2, diameter 192 mm. ; K, C. dcslon gehampsianum (d’Orbigny) 1840. 
pl. 20, fig. 2, diameter 65 mm.; L. Encymatoccras requienianus (d’Orbigny; 
1840, pl. 10, fig. 2, diameter 280 mm. (— X. plicatus Fitton, 1835) ; J17, 
Cymatoceras necJcerianus Pietet, 1859, pl. 16, fig. Ib, diameter 93 mm.; 
A*, Deltocymatoccras rugatus (Fritseh and Schlonbaeh) 1872, pl. 15, fig. 2, 
height 80 mm. ; O, Epicymatooeras vaelsensis Bfnekliorst, 1861, pl. 5c, fig. 
2b, diameter 105 mm. ; P, Cymatoceras albensis (d'Orbigny) from Pietet, 
1859, pl. 17, fig. Ib, diameter 95 mm. 
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(Department de l’Aube), where the species was fonnd. 

“But the drawing given b y d’Orbigny is fanlty; first its 
dimensions do not agree with the description ; then the drawing 
being redueed to one-third the natural size, the speeimen whieh 
it represents should have been at least 360 mm. in diameter; 
besides, the ornaments are wanting in the drawing on a great 
part of the last whorl. . . . 

“Consider then the figure by d’Orbigny as only approximate. 
D’Orbigny has restored a great many of liis plates, for whieh, 
in my opinión, he is very much to blame. . . . 

“In the d’Orbigny colleetion no speeimen is specially marked 
as the type. But d’Arcliiac (Ilist. du progrés de la géologie, vol. 
iv, p. 295) quotes N. pseudoelcgans , and he has given to the 
Museum a speeimen marked type. This speeimen is small (greatest 
diameter 150 mm.), and agrees neither with the figure ñor with 
the dimensions given in d’Orbigny ’s original description. 

“Perhaps the true type was eontained in the colleetion of the 
geologist Clément Mullct, who showed d ’Orbigny over the loeal- 
ity where N. pseudoclegans abounds?” In aeeordanee with 
the above statement Foord and Crick (1890a, p. 551) in the leg- 
end of their figure 3, State that the drawing is from a speeimen in 
the d’Orbigny Colleetion in the Museum of Natural Ilistory, 
París. Howevcr, Foord (1891, p. 255, fig. 59 a, b) labelled the 
same figure as drawn from d ’Orbigny ’s type speeimen. 

The type speeimen is a much inflated conch, very involute 
and with a small umbilieus. The whorl seetion is wider than 
high with a broadly rounded venter. Whorl sides are also 
broadly rounded. The test bears prominent ribs that are sig- 
moidal on the whorl sides and form a sinus on the venter. The 
suture is only slightly sinuous with shallow ventral and lateral 
lobes. The siphunele lies below the center of the septa. 

There are approximately 64 species of Cymat oceras reeorded 
to date. All of these are characterized by the ribbing and the 
slightly sinuous septa. The shape of the whorl seetion is quite 
variable in this gemís (Fig. 23). The type species, C. pseadoele- 
gans, has a depressed, globular conch ; one of the most eom- 
pressed conelis is that of C. neocomiensis (d’Orbigny) (Fig. 
23 J). Between these two extremes there are all gradations of 
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conch patterns with well rounded venters. AVhereas most of the 
species are very involute, as in the type, there is a wide range 
of variation to rather evolute species as C. paiens (Kner, 1850) 
and C. iskaltsithelensis (Rouchadzé, 1931). Some of the species 
develop sharply rounded to subangular shoulders. Cymaioceras 
iourtiae (Schlüter) has a subquadrate whorl section with sub- 
angular ventral and umbilical shoulders; the venter is low and 
arched (Fig. 23C). The juvenile volutions, however, liave broadly 
arched venter with well rounded ventral shoulders (Schlüter, 
1876, pl. 46, fig. 4). Cymaioceras deslongchampsianum (d’Or- 
bigny) has an arched venter with rounded ventral shoulders but 
subangular umbilical shoulders with a sloping, sliglitly arched 
umbilical wall (Fig. 23ii). Nautilus vaelsensis Binckhorst (1861, 
p. 15, and Schlüter 1876, p. 57) is one of the most aberrant 
cymatoceratids known to me and is made the type of a new 
genus (p. 43 9). The conch is very compressed and evolute. The 
wliorl sides are sliglitly convex with broadly rounded umbilical 
shoulders and angular ventral shoulders; the venter is flattened. 
The test bears the typical eymatoceratid ribbing. The characters 
of the ventral area, that is, the flattened venter and the angular 
ventral shoulders, are also found in Heminautilus. This latter 
genus, however, is very involute and the whorl sides are generally 
slightly inflated near the umbilical shoulders. Cymaioceras 
tourtiae also has the flattened venter and angular shoulders, but 
the conch is inflated, involute and the whorl section subquadrate. 

The position of the siphuncle in the type species (C. pseudo * 
elegans) is below the center — that is, closer to the dorsum than 
the venter (d'Orbignv, 1840, pls. 8, 9; Foord, 1891, p. 256). It 
appears that this condition prevails in a majority of the species 
of Cymaioceras (e.g. C. neocomiensis, C. racliatus, C. gabbi , C. 
colombiana , C. elegans , C. kayeanus, C . kossmaii, and C. ceno- 
manensis). The siphuncle lies above the center, that is closer to 
the venter than the dorsum in C. ailas, C. ienuicosiatus, and C. 
hunsiantonensis. A specimen of C. loricaius (Schlüter) figured 
bv Griepenkerl (1889) has a near marginal (ventral) siphuncle. 

The suture of C. pseudo elegans is only slightly sinuous with 
shallow ventral and lateral lobes. Paracymaioceras differs from 
Cymaioceras essentiallv only in the greater sinuositv of its 
suture (Fig. 24). As noted by Miller and ITarris (1945, p. 10) 
these two genera are more, or less gradational in respect to the 
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suture. Those speeimens witli more sinuous sutures, and thus 
transitional to Paracymatoceras, inelude C. colombiana (Fig. 




Fig. 24. Diagra mm a tic- representatiun of sutures of J, Cymatoccras col- 
ombiana Durliam 1946, íig. 30; B , Paracymatoceras texanum (Shuinard) 
1S60, from Miller and Harris 1945. íig. 3A ; C, Cymatoccras ¡me ud ortega mu 
(Spengler) 1910, pl. 12, fig. 7d; D, C. semilobatus (Spengler) 1910, pl. 
11, fig. 4b; E, C. hilíi (Shattuek) from Miller and Harris 1945, fig. 2A ; 
F, C. layeamnn (Blanford), from Spengler, 1910, pl. 12, fig. 72; O, C. 
tsl'dltsithelensis (Roueliadzé) 1931, fig. 6; H, C. kossmati (Spengler 
1910, fig. 7b; I , C. virgatnm (Spengler) 1910, fig. 7e; .7, C. ¡nrblichi Milb*r 
and Harris 1945, fig. 2C. All figures greatly reduc-ed. 
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24A), C. cenomancnsis. C. tourtiae , C. patens , C. semüobatus 
(Fig. 24 Dk C. kossmiiti (Fig. 24 //), and C. rirgatum (Fig. 24 
/). The tvpe species does not have an anuida r lobe, which ap- 
pears to be the case in tile majority of species of Cymat oceras. 
llowever aiuinlar lobes in the center of the dorsal lobe are 
present in radíalas , loeblichi , C. colombiana , and C. tour- 

Hac. Most species of Cymatoccras have broad ventral saddles but 
some as C. virgatum (Spengler) and C. tskaltsithdcnsis (Rou- 
t'hadzé) have very pronounced ventral lobes. 

Cymatoccras is the most eommon, and has a larger number of 
species than any of the other genera of the Cymatoceratinae. All 
members of this snbfamily have in eommon the characteristie 
ribbing. The other genera are differentiated on the basis of spe- 
eialization of the ribbing, shape of eonch, or suture. Procymato- 
ceras has a depressed. rapidly expanding coneli, ivitii whorl sides 
and venter flattened. Eucymatocevas has the inflated rounded 
eonch as in Cymatoccras pscudoctcgans but the ribs form V- 
sliaped patterns on the venter and on the whorl sides. Par a cyma- 
toccras is like Cymatoccras exeept for the greater sinuosity of the 
suture whieh has a well developed lateral lobe and a saddle at the 
umbilical suture. Cymatonautüus has a depressed evolute eonch 
with concave lateral and ventral areas. Syrionautilus has acute, 
widely spaced, and nearly straight ribs. Anglonautüus has a 
depressed whorl section with large transverse undulations on 
the venter. Hcminautilus has a much compressed coneh, with a 
ñattened venter, and a very sinuous suture. Epiajmatoccras 
has a compressed, evolute eonch with subquadrate whorl section. 
Dcltocymat oceras lias a subtriangular whorl section. 

As stated above in the discussion of the snbfamily Cymato- 
eeratinae, Xcocymatoccras Kobayashi (1954a) is thought to fall 
within the range of variation of Cymatoccras and is placed in 
.svnonymy of tliat gemís. 

Cymatoccras is characteristie of the Cretaceous. Steuer (1921 ) 
has described Cymatoccras pcrst natas (Steuer) from very late 
Jurassic and earliest Cretaceous strata of Argentina. Cymato- 
ccras tsukushicnsc (Kobayashi, 1954a) comes from Oligocene 
strata of Japan. These two are the only non-Cretaceous species 
of Cymatoccras known to the writer. Cymatoccras is world- 
wide in distribution (Figs. 21, 22). 
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D1STRIBUTIOX OF SPECIES OF THE GEXUS CYMATOCERAS 



Siiecies 


Stratigraphie 

Distribution 


Geographic 

Distribution 


C.albensis (d’Orbigny) 1850 


Cretaceous 


England, 

Frailee 


C. altavcnsis (Pomel) 1S89 


Cretaceous 

(Xeocomian) 


Aígeria 


C. andranofotsifen.se Collignon, 1951 


Cretaceous 

(Albian) 


Ma da gasear 


C. anguliferous (Schliiter) 1876 


Cretaceous 

(Cenomanian) 


Germany 


C. articulatus (Pulteney) 1813 


Cretaceous 


England 


C. atlas (Whiteaves) 1876 


Cretaceous 


England, 




(Upper) 


France 


CJarcrilli ( Anderson) 1938 


Cretaceous 


California 




(Eower) 


(U.S.A.) 


C. bayficldi (Foord and Criek) 1890 


Cretaceous 

(Senonian) 


England 


C. bifurcaUnn ’(Ooster) 1858 


Cretaceous 


Switzerland 


C. broitzemensis (Müller and Wollemann) 


1906 Cretaceous 
(Senonian) 


Germany 


C.? eampbclli (Meek) 1861 


Cretaceous 


Vane ou ver 
Island, B.C. 


C. earlott ensis (Whiteaves) 1900 


Cretaceous 


Maple 




(Upper) 


Island, B.C. 


C. cnioman ensis (Schliiter) 1876 


Cretaceons 

(Cenomanian) 


Europe 


C. colombiana Ditrham, 1946 


Cretaceous 
( Aptian) 


Colombia 


C. compressus (Tavani) 1942 


Cretaceous 

(Albian) 


Somaliland 


C. erebvicostatus (Blanford) 1861 


Cretaceous 

(Albian) 


India 


C. deslongchampsianum (d’Orbigny) 1840 


Cretaceous 
( Xeocomian - 
Cenomanian ) 


Europe 


C. eiclnvaldi (Karakasch) 1907 


Cretaceous 

(LoTver) 


Crimea 


C. elegans (J. Sowerbv) 1816 


Cretaceous 

(Cenomanian) 


England 


C. elegantoides (d’Orbigny) 1840 


Cretaceous 


England, 




(Cenomanian) 


France 
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Species 


Stratigraphic 

Distribution 


Geographic 

Distribution 


C. formosus (Blanford) 1861 


Cretaceous 


India, 




(Senonian) 


Madagascar 


G.gabbi (Anderson) 1902 


Cretaceous 


California 




(Lower) 


(U.S.A.) 


C. guilielmi telli (Ooster) 1858 


Cretaceous 


Switzerland 


C. hilli (Shattuck) 1903 


Cretaceous 


Texas 




(Lower) 


(U.S.A.) 


C. hnnstantonensis (Eoord and Crick) 1890 


Cretaceous 

(Cenomanian) 


England 


C. huxleyanus (Blanford) 1861 


Cretaceous 


South India, 




(Turonian) 


Madagascar 


C. imbricatus (Crick) 1907 


Cretaceous 


Natal, 

Africa 


C. interstriatus (Strombeck) 1863 


Cretaceous 

(TJpper) 


Germany 


C. ¡cayeanus (Blanford) 1861 


Cretaceous 


India, 




(Albian- 

Cenoraanian- 

Turonian) 


Madagascar 


C. kossnmti (Spengler) 1910 


Cretaceous 

(Albian) 


India 


C. loeblichi (Miller and Harris) 1945 


Cretaceous 


Texas 




(Lower) 


(U.S.A.) 


C. ¡oriceitus (Sehliiter) 1876 


Cretaceous 

(Senonian) 


Germany 


C. mada gasear ensis (Yabe and Shimizu) 1924 


Cretaceous 

(Upper) 


Madagascar 


C.mannanensis (Crick) 1907 


Cretaceous 


Natal, 




(Albian) 


Africa 


C. mikado (Krenkel) 1910 


Cretaceous 

(Neocomian) 


Tanganyika 


C. nebrascense (Meek and Ilayden) 1862 


Cretaceous 


Montana 




(Upper) 


(U.S.A.) 


C. neekerianus (Pictet) 1847 


Cretaceous 

(Aptian, 

Albian) 


Europe 


C. negama (Blanford) 1861 


Cretaceous 

(Albian) 


India 


C . neocomiensis (d’Orbigny) 1840 


Cretaceous 


Europe, 




(Lower) 


Crimea 


C. neohispanicum (Burckhardt) 1925 


Cretaceous 

(Aptian) 


México 
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Species 

C.occlusus Cric-k, 1907 
C.patens (Kner) 1850 

('. pprstrwt us ( S tener ) 1921 

C. pseudoatlm (Yabe and Shimizu ) 192 

C. pseudoelegans (ti 'Orbigny ) 1MH 
C. psrmlonegama Spengler. 1910 

(\ pscudoncoko míeme Sliimizu, 1951 

C. radiatus (J. Sowerby) 1822 
C. sakalavum Collignon, 1949 

C. saussureanus (Pictet) 1847 

C. scecqurensis (Tavani) 1942 

C. semüobatus Spengler, 1910 

C . se m i u n da tus ( F o o r d ) 1 S 9 1 

C.sJiarpet (Selilüter) 1x70 

C.? simuitoplicatus (Geinitz) 1843 

C. straticostat us (Crick) 1907 

(\ suden. se (Wliiteuvex) 1S79 

C. tmuicosUitus (Selilüter) 1870 

C. tonrtiac (Sehliiter) 1870 

C. tskaltsithclevsis (Rouchadzé) 1931 

C. tsukushicnse (Kobayashi) 1954 
C . nndulatifonnis Spath, 1927 



Stratigraphie Geographic 
Distribution Distribution 



Oretaeeous 


Zululand 


< ’retaeeous 


Polantl, 


(Senonian) 
J urassic 


Germany 


(Upper) 

Cretaeeous 

(Lower) 


Argentina 


Cretaeeous 

(Upper) 


Ja pan 


Cretaeeous 


Europe 


Cretaeeous 
( Albian) 


ludia 


Cretaeeous 

(Aptian) 


Japan 


Cretaeeous 


Europe 


( ’retaeeous 
( Albian) 


Madagasear 


(’retaeeous 
(Albian ) 


Swltzerland 


Cretaeeous 

(Albian) 


Somaliland 


Cretaeeous 

(Albian) 


India 


Cretaeeous 

(Cenomanian) 


England 


Cretaeeous 

(Cenomanian) 


Germany 


< ’retaeeous 
(Upper) 


Germany 


(’retaeeous 


Xatal, 

Afriea 


Cretaeeous 


Sucia Island 


( Upper) 


Group, B. C. 


( ’retaeeous 

(Cenomanian > 


< íermany 


Cretaeeous 

(Cenomanian) 


Germany 


Cretaeeous 

(Aptian) 


Kussia 


Oligo cene 


Japan 


( ’retaeeous 
(Xeoeomian) 


Tanganyika 
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Speeies 



Stratigrapliie Geographic 
Distribution Distribution 



C. v cntroplicatus (Foord) 1891 



Cretaceous England 

(Cenomanian) 

Cretaceous India 

(Albian') 

Cretaceous South Africa 

(Upper) 



C. virgatus (Spengler) 1910 



C. iroodsi (y. Iloepen) 1921 



Genus PARACYMATOCERAS Spath, 1927 



Paracymatoccras Spath, 1927a, pp. 21, 25. 

Paracyviatoccras Miller and Harris, 1945, p. 9. 

Paracymatoccras Kummel, 1953a, p. 4. 

Type spccics. Xautilus aspcr (Oppel) Zittel, 1808, pl. 3, fig. 1 (by original 
designation). Illustrated on Plato 19, figures 1, 2 and Text Figure 23 G, 
of tliis report. 

Most of tile otile r genera of the Cymatoeeratinae are dis- 
tinguished from Cymatoceras on differentiations of tiie coneh 
form or sculpture. Paracymatoceras differs from Cymatoceras 
essentialiy only in the greater elaboration of the suture. It is aiso 
generally agreed that in respect to the suture Cymatoceras and 
Paracymatoceras intergrade (Fig. 24). The coneh form, degree 
of involution, and shell sculpture agree perfectiy with Cymato- 
ceras. The type speeies — P. aspcr — which is of Upper Jurassic 
age, has a rounded ventral groove on the most adoral part of 
the living chamber (Fig. 23(7). Tliis feature is not present in 
any of the five Cretaceous speeies of Paracymatoceras known to 
date. Aside from the ventral groove in the type speeies, the 
eoneh form in the other speeies assignable to Paracymatoceras 
are completely similar to or within the range of variation of 
Cymatoceras. 

Six speeies can be assigned to tliis genus ranging in age from 
Upper Jurassic through the Cretaceous. Four of the speeies an* 
Lower Cretaceous in age. The genus does not appear to be a com- 
mon element in nautiloid faunas but it has been recorded from 
India, Europe, Texas, and México (Figs. 21. 22). Some juvenile 
forms from the Lower Cretaceous Pawpaw formation of Texas 
with perfectiy smooth conchs have been recorded by Kummel 
(1953a). These specimens are of interest in emphasizing the 
difficulties in identifying weakly-ribbed Paracymatoceras and 
differentiating these from Hercoglossa. 
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DISTRIBUTION OF SPECIES OF THE GENES PARACYMATOCE11AS 



Speeies 


Stratigraphic 

Distribution 


Geographic 

Distribution 


P.asper (Oppel) 1865 


Jurassic 


Europe 


P. Tcarpinslcyi (Karakasch) 1907 


(Upper) 

Cretaeeous 


Crimea 


PJ milleri Iluinphrey, 1919 


(Lower) 

Cretaeeous 


Purango, 




(Aptian) 


México 


P.rota (Blanford) 1861 


Cretaeeous 


South India, 




(Albian, 


Madagascar 


P. texanum (Shumard) 1860 


Maestrichtian ) 
Cretaeeous 


Texas 




(Lower) 


(U.S.A.) 


P. tricliinopolitensis (Blanford) 1861 


Cretaeeous 


South 




(Senonian) 


I udia ; 


East Indies ? 

Genus PROCYMATOCERAS Spath, 1927 


Procymatoceras Spath, 1927a, pp. 21, 


25. 




Procymatoceras Miller and Harris, 1945, p. 11. 




Type speeies. Nautilus subtruncatus 


Morris and Lycett, 1850, pl. 1, íig. 2 


(by original designation). 

The genotype described and 


figured by Morris and Lycett 



does not seem to be available. Several topotype speeimens are in 
the collections of the British Museum (Natural History) one of 
whieh is illustrated on Píate 17 ancl the cross seetion of the same 
speeimen in Text Figure 25. From a study of topotype speeimens 
and the original deseription of the tvpe speeies the following 
diagnosis of Procymatoceras ean be made. 

The coneh is robust, rapidly expanding, very involute to 
oeeluded. Whorl seetion generally wider tlian high. On the 
living chamber the venter and whorl sides are flattened. The 
ventral and umbilical shoulders are well rounded. The whorl 
sides converge towards the venter. The earlier volutions are 
more rounded in outline. The surface of the coneh bears sinuous 
ribs tliat form a broad sinus on the venter. The ribs appear to 
be faseiculate growth lines and may not be homologous with 
those of typical Cymatoceras. The ribbing is most distinet on 
the living chamber. The sutures are only slightlv sinuous with 
shallow ventral and dorsal lobes. 
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When Spath (1927a) first established Procymatoceras he in- 
cluded only the tvpe species and P. baberi (Morris and Lycett) 
both from the Middle Jurassic of Great Britain. The topotype 
specimen of P. subtruncatus illustrated on Píate 17, and on Text 




Fig. 25. Procymatoceras subtruncatus (Morris and Lycett). Diagram 
matic cross section of topotype represented by figures 1, 2, Píate 17, X 0.50. 



Figure 25, clearly shows the robust involute character of the 
conch and the subtrapezoidal outline of the whorl section. 
Neither the suture ñor the siphuncle are visible. Nautüus in- 
turnescens Waagen has been referred with question to Procyma- 
toceras. I agree with Spath (1927a, p. 33) that it is doubtful 
whether Noetling’s (1896) specimens from Baluchistan assigned 
to N. intumescens Waagen are correctly identified. The only 
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other speeies that appears to belong to tliis genus is Paraceno- 
ceras costal um Scott (1943). 

Gemís CVMATONAUTrLITR Spath, 1927 

C y ma tona útil n. * Spatli, 1927a, p. 21. 

Cymatonautilus Miller and Harria, 1945, p. 9. 

Type speeies. Xau lilas julii (Baugier MS) d ’Orhigny, 1850, p. 328 (by 
original designa tion). 

The type speeies of tliis unusual Jurassie evmatoeeratid was 
originallv briefly diagnosed but not illustrated by d’Orbigny 
(1850, p. 328) who gave Baugier the eredit as author of this 
speeies. Ilowever, Baugier *s ñame apparently was only a manu- 
script ñame, and was never pnblished by liim. The first com- 
plete deseription and illustration of Xautilus julii was published 
by Guéranger (1865, p. 189, pl. 3). Guéranger \s figures aiv 
reprodueed here on Píate 18, figures 1-4. 

This genus can lie diagnosed as follows : Coneh widely urnbili- 
eate, robust, wliorls subquadratio, being slightlv wider than 
high. The whorl sides are flattened and with a broad lateral 
groove. The venter is likewise flattened and with a median 
groove. The eoneh bears sinnous ribs that obliquely cross the 
suture and forin a deep ventral sinus. The suture forms a shal 
low ventral lobe and a broad eoncave lateral lobe. The siphuncle 
is subcentral in position, being (*loser to the dorsum than the 
venter. The type speeimen carne from strata of Callovian age 
iu Franco. Petitelere (1926) has described and illustrated a 
speeimen of the same speeies from strata of Bathonian age in 
Franco. Xautilus mojsisovicsi Neumayr (1870) from Upper 
Jurassie strata of Austria most probablv also belongs in Cyma- 
tonautilus . 

The most dist im?tive. features of this genus are the wide 
umbilieus and the grooved venter and whorl sides. Most speeies 
of the Cymatoeeratinae are involute forms. 

Genus AxGLONAUTILPS Spath, 1927 

Anglonautilus Spath, 1927a, pp. 21, 25. 

Anglonautilus Miller and Harris, 1945, p. S. 

Type speeies. Xautilus undulatus .T. Sowerby, 1813, pl. 40, upper figure (by 
origina 1 designa tion ) . 
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Sowerbv \s type specimen cloes not appear to be in the British 
Museum, but the specimen referred to by Foord (1891, p. 245) 
labelled “Xautilus undiilatus , M. C. 182 M in Sowerby’s hand- 
writing is fígured here, Píate 20, figures 1, 2, and Text Figure 
26. This specimen is also numbered B.M.X.H. 66336. Dr. L. F. 
Spath kindlv informs me that this specimen is unlocalized, but 




Fig. 26. Anglonautihis unclulatus (Sowerbv). Diagrammatic cross sec 
tion of adoral part of living cliamber of topotype represented by figures 
1, 2, Píate 20, X 1. 

undoubtedly is a topotvpe from Xutfield, Surrev. This specimen 
is incomplete eonsisting only of two camerae of phragmocone and 
one-third whorl of living cliamber. However, it shows clearly 
the most diagnostic feature of the genus, that is the large, fold- 
like undulations which are most prominent on the venter and 
decrease rapidly on the flanks. The suture forms a very shallow 
ventral lobe and a broad shallow lateral lobe. The siphnncle is 
subcentral in position being nearer the dorsum tlian the venter. 

ín addition to the type species which is known from Aptian 
to Cenoinanian strata in England and various localities in 
Europe (fíele Foord, 1891, p. 244), Xautilus subalbensis Sinzow 
(1913) and X. begudensis Kilian and Reboul (1915) should be 
included in Anglonantüus. The former species is from Albian 
strata in the Crimea and the latter from Hauterivian strata in 
Southern Frailee. 

Genus EüCYMATOCERAS Spath, 1927 



Encymatoceras Spath, 1927a, pp. 21, 22, 25. 
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Eucymatoceras Miller and Harris, 1945, p. 9. 

Type species. Nautilus plicatus Fitton, 1835, p. 129 (by original designa- 
tion). 

The type specimen was not available for study but severa! 
conspecific forms are in the British Museurn. One of these speci- 
mens from the Lower Greensand, Atherfield, Isle of Wight 
(B.M.N.H. C335) is illustrated on Píate 21, and the cross section 




Fig. 27. Eucymatoceras plicatus (Fitton). Diagrammatic cross section 
of plesiotype represented bv figures 1, 2, Píate 21, X 1. 

in Text Figure 27. The only previous illustrations of the type 
specimen are the original woodcut in Fitton (1835, p. 129) 
and figures in d’Orbigny (1840, pl. 10; Nautilus requienianus 
d’Orbigny 1840 =i\ 7 . plicatus Fitton 1835) and in Uhlig (1883. 
pl. 3). 
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The gemís ean be diagnosed as follows: Conch subglobular, 
involute, umbilieus closed, whorl section rounded, broader than 
high. Suture only slightly sinuous. The siphuncle is small and 
subcentral. Surface of conch with prominent ribs that form a 
deep angular Y-shaped ventral sinus and on the whorl sides a 
similar but asymmetrical salient. 

The most diagnostic feature is the V-shaped pattern of the 
ribs by which it can easily be distinguished from any other 
genus of the Cymatoceratinae. At present only three species 
of Eucymatoceras have been reeorded, namely N. plicatus Fitton, 
the type species, and N. steveni Karakasch (1907, p, 30, pl. 2, 
fig. 13; pl. 8, fig. 12) from Lower Cretaceous formations of the 
Crimea; and N. sts churo uskii Milaschevitch, (1877, p. 125, pl. 1, 
figs. 11, lia) from the Lower Cretaceous of Russia. All of these 
species have the deprcssed, subglobular, rounded conchs. From 
the great variability in conch form in Cymatoceras it is doubtful 
if the conch form in the known species of Eucymatoceras can be 
considered a diagnostic character. 

Genus SYRIOXAUTILUS Spath, 1927 

Syvionautilus Spath, 1927a, pp. 21, 25. 

Syrionautihts Miller and Harris, 1945, p. 11. 

Syrionautüns Avnimelech, 1946, pp. 523-528; 1947a, p. 690. 

Type species. Nautilus libmioticus Foord and Orick, 1890, p. 404, fig. 6 (by 
original designation). 

All the specimens of Nautilus libanoticus in the British Mu- 
seum (Natural History) upon whicli Spath established his 
genus Synonauiilus are more or less crushed and distorted. 
One of the syntvpes with an attaehed mandible is figured here 
on Píate 7, figure 3 (previously figured by Foord, 1891, p. 371, 
íig. 82.). The general form of the eoncli is like that of Cymato- 
ceras but the character of the ribbing is quite distinct. In Syrio- 
nautilus the ribs are acutc and separated by interspaces ratlier 
exceeding their own width. The type of ribbing is very similar 
to that of Proclyclonautilus spirolobus of the Upper Triassic. 
The form and spaeing of the ribs in Syrionaatilus are the dis- 
tinguisliing eharacters that serve to sepárate it from allied 
genera of the Cymatoceratinae. The position of the siphuncle 
and nature of the suture are not known. The type and only 
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speeies so far referable to tliis gemís eomes from Senonian 
formation of Syria. 

Recently Avnimeleeli (1946, 1947a) lias publislied two short 
notes on additional specimens of Syrionautilus libanoticiis from 
Palestine. As with the types, tliis new material is also ineom- 
plete and generally erushed. However, tbe best and nearly com- 
plete speeimen was fignred by Avnimelecli (1947a, pl. 15). Even 
thongli tliis fignred speeimen is also eompressed it clearly shows 
Syrionautilus to liare an involnte, eompressed concli and arclied 
venter. In otlier words, it has a typieal evmatoeeratid eoncli but 
diífers in the chara eter of the ribs. 

Gemís HhalIXAPTILPS Spath, 1927 

Htniinautilus Spath. 1927a, pp. 22, 25. 

Vorticoceras Seott, 1940, pp. 1074, 1075. 

Heminautilus Seott 1943. p. S9. 

Ileminautilus Durliam, 1946, 432. 

Platynautilus Yabe and Ozaki, 1953, pp. 55-61. 

Type specics. Xautilm saxbii Morris, 1848, p. 106 (woodcut) ; Pl. 10, íigs. 

1, 2 of tliis report (by original designation > . 

When Spath established tliis gemís he designated X autilus 
saxbii Morris (1848, p. 106, woodcut) as genotype and thought 
tliis speeies was the same as A. lallierianus d’Orbigny (1841). 
The latter speeies was first very briefly diagnosed bnt not illus- 
trated by d’Orbigny in 1941 in the Perue Cnvierienne (p. 318), 
and was listed the same year in his Paléontologie Franeaise. 
Terrains Crétaeés (p. 620). Xautilus lallierianus was again 
eited by d’Orbigny in his Pródromo (1850. t. 2, p. 112), and 
X. saxbii was listed as a synonym. In none of tliese publieations 
is tliere an illnstration and only the first (1841, p. 318) has a 
very brief diagnosis. A. lallierianus was next deseribed and 
illnstrated from Switzerland by Pietet and Campiche (1859). 
Donvillé (1916) gave a very complete deseription with several 
figures of specimens of A’, lallierianus from Aptian strata east 
of Suez. Donvillé likewise placed X. saxbii in synonymy of X. 
lallierianus. Foord (1891) recognized both of these speeies. 

The type speeimen of Xautilus saxbii is illustrated on Píate 
10, figures 1, 2, and the cross section in Text Figure 28. The 
only previous illustrations of tliis speeimen are the woodcuts in 
Morris (1848, p. 106) and Foord (1891, p. 311, fig. 68). Since 
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d'Orbigny’s ¿Y. lallierianus has not been illustrated, and tho 
deseription is very brief, it is impossible to tell whether it is 
eonspeeific with X. saxbii. Xautilus lallierianus , Douvillé 
(1916) is sufficiently distinet from X. saxbii Morris in the form 
oí the septa and ornamentation oí the eonch to keep tliese two 
speeies sepárate. The plaster easts of the speeimen oí X. lallieri- 
anus figurad bv Pictet and Campiche (1859, pl. 19, fígs. 6a, 6c) 
are in the Museum oí Coniparative Zoology. Tliese show no 
surfaee ornamentation whatsoever. The triearinate eharacter of 
the venter is not as well preserved as the figures bv Pietet and 
Campiche would lead one to believe. 

The gemís Heminautilus can be diagnosed as follows: Conch 
involute, very compressed, whorls mucli higher than wide. AYhorl 
sides fia t tened and strongly converge towards a narrow, flattened 
or slightly coucave venter. The ventral slioulders are angular. 
The venter on the earlier volutions is rounded. The umbilical 
slioulders are broadlv rounded. Greatest widtli of the conch 
is just ventral of the umbilical shoulders. The suture is rather 
sinuous with a ventral lobe, a subangular saddle on the ventral 
shoulder, broad deep lateral lobe and a narrowly rounded saddle 
on the umbilical shoulder. The siphunele is subcentral in posi- 
tion lying closer to the dorsum than the venter. The eonch 
bears sinuous ribs that curve strongly aborally over the ventral 
half oí the whorl side. The ribbing may be very weak and in fact 
is absent on the type of Xautilus saxbii (which is probably a 
ju vende). 

Spath originallv placed Heminautilus in his Paracenoceraticiae 
with question and made note of the possibility that it more 
]")roperly belonged in his Cymatoceratidae. The Paracenocera- 
tinae are characterized by differentiation of the periphery, gen- 
erally associated with increase in sinuosity of the suture lim*. 
and a ventral lobe (Spath, 1927a, p. 25). ITowever, the sutures 
oí Heminautilus are mueli more sinuous (Fig. 20). The Para- 
cenoceratinae llave smooth shells, devoid of ribbing. Tithono- 
eeras, and Xulacouautilus liave longitudinal ribs or earinae on 
the ventral area but no sculpture on the flanks. Sinuous cyma- 
toceratid-like ribbing is characteristic of Heminautilus. The 
ribbing is well preserved on the spccimens of II. lallierianus fig- 
ured by Douvillé (1916, pl. 17, figures 2-6) and on II. rangei 
ííoppe (1922, pl. 4, figures 2, 3). Among the specimens illus- 
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trated by Douvillé tliere is some variability in tlie strength and 
patterns of the ribs. On the earlier volutions the ribs are low, 
broad, and rounded and decrease towards the venter. The mature 
specimen of Douvillé ’s (1916) figure 5, píate 17, has a smooth 
outer volution, whereas the larger specimen of figure 6a, b, 
shows prominent ribs that are very broad and separated by 
narrow concave interspaces. In Ileminautilus etheringtoni Dur- 
ham (1946) the ribs are most prominent on the living chamber 




Fig. 28. Heminautilus saxbii (Morris). Diagrammatic cross section of 
holotype represented by figures 1, 2, Píate 10, X 1. 

which is about one-third of a volution in length. Topotype speci- 
mens of Ileminautilus etheringtoni kindly loaned to me by J. 
Wyatt Durham show ratlier distinct ribbing on early volutions. 
with a single largo topotype smooth except for prominent growtli 
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lines. A erushed and weathered specimen, not referred to by 
Durham (1946), from near the top of the basal Velez Sandstone 
measures approximately 145 mm. in diameter and has very 
promiiient “cymatoeeratid” ribs. The ventral area likewise 
appears to have a median longitudinal rib. With the material 
available it cannot be determined whether or not this specimen 
is eonspecifíe with 77. ctlicrimjtoni . They do not come from the 
same horizon within the Aptian. No data are available on the 
degree and extent of variation in the sculpture of this or most 
speeics of nautiloids. It is very rare that really representative 
populations can be eolleeted. 

Heminauiilus tyósicnsis (Yabe and Ozaki) 1953, shows prom- 
inent growtli lines on t lie venter that form a deep V-shaped 
pattern. On the lateral whorl sides low radial folds with broader 
intervals are present on the type (and only) specimen of this 
species. These authors proposed a new genus — Platynautüus 
— íor their new species, but it is clearly a representative of 
Heminautilus and thus Platynautüus is placed in synonymy. 

Heminautilus stantoni (Scott) has broad, low, rounded and 
widely spaced ribs reaching their greatest prominenee on the 
middle of the flanks. Heminautilus saxbii, the type specimen 
which is figured here on Píate 10, figures 1, 2, is perfectly 
smooth but is probably not a mature specimen. 

The suture in most species of the Cymatoceratinae are only 
very slightly sinuous. Paracymat aceras has a well-developed, 
deep, lateral lobe followed by a saddle on the umbilical shoulder. 
The suture aeross the venter generallv develops a ventral saddle, 
not a lobe. Cymatonautilus julii has a deep ventral lobe, and a 
broad lateral lobe with the beginnings of a saddle on the umbili- 
cal región. Nautilus” vaelsensis (Binekhorst, 1861) is a very 
compressed form with a snbreetangular whorl section and a 
wide, shallow umbilicus. The trúncate venter and compressed 
eonch are very reminiscent of Heminautilus except in the dif- 
íerenee of involution. The suture of '‘Nautilus” vaelsensis has a 
very shallow ventral lobe and a broad, shallow, lateral lobe. 

The six known species of Heminautilus are from Lower Cre- 
taceous formations in Arkansas, England, France, Switzerland, 
Egypt, Palestine, Colombia, and Japan. 



438 



BULLETIN: MUSEUM OF COMPARATIVE ZOOLOGY 



DISTRIBUTION OF SPECIES OF THE GENES HEMINAUTILUS 



Stratigrapkic Geographie 
Species Distribution Distribution 



H . etheringtoni Durham, 1946 


Cretaceous 

(Aptian) 


Colombia 


H.lallieriamts (d’Orbigny) 1840 


Cretaceous 


Europe, 




(Neoconiian) 


Egypt, 

Ethiopia 


Tl.rangei (Hoppe) 1922 


Cretaceous 

(Albian) 


Palestine 


H. saxbii (Morris) 1848 


Cretaceous 


England, 




(Aptian) 


France 


H. stantoni (Scott) 1940 


Cretaceous 


Arkansas 




(Aptian) 


(U.S.A.) 


H. tyósiensis (Yabe and Ozaki) 1953 


Cretaceous 

(Aptian?) 


Ja pan 



Genus 1 ) KLTOOY M ATOCERAX n. gen. 

Type species . Xautilus leiotropis Schlüter, 1870, p. 175, pl. 48, figs. 1, 2 
(Píate 22, figures 1, 2 of this paper). 

The adaptive radiation within the Cymatoceratinae is ex- 
pressed in patterns that are homeomorphous with evolutionary 
trends in other phyletic lines within the Xautilidae. Modification 
of rib patterns, coneh shape, and suture are the more obvious 
characters which express evolntion within the subfamily. The 
present genus is established for those eymatoceratids with a 
more or less triangular outline of the whorl section. The type 
species — Xautilus leiotropis , and X. ruejatus (Fritsch and 
Schlbnbach) are the only species known to date that can be 
placed in this genus. The triangular outline of the whorl section 
serves reaclilv to diíferentiate this genus from all others within 
the Cymatoceratinae. 

The type species has a large, inflated, involute coneh with 
broadly arched and strongly convergent whorl sides. The venter 
is marked by a slight rounded, smooth, keel-like ridge. There 
are no distinct ventral shoulders, the ventral región grading 
evenly onto the flanks. The fianks llave prominent cymatocera- 
tid ribs that bifúrcate near the micldle of the whorl sides. The 
ribs do not cross the keel-like ridge on the venter. The suture 
forras a narrow, somewhat pointed, ventral saddle, a broad. 
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rather shallow lateral lobe, and a promiuent saddle 011 the um- 
bilical shoulder. The position of the siphuncle is not known. 

The distinetive subtriangular whorl seetion with the smootli 
keel-like ridge on the venter set Deltocymatoccras leiotropis 
a parí from ail other eymatoeeratids. In conch forni and suture 
pattern Ddlocymatoccras is homeomorphous with Angulithcs 
of the Hercoglossinae, being distiuguished by its ribbing. Angu- 
Uihcs is most probably a development of dinamia, a forin with a 
more rounded whorl shape. Deltocymatoccras is best visualized 
as a sagittate derivativo of Cymatoccras wliieli shows mueli vari- 
ation in conch shape. 

The type species of Deltocymatoccras comes from Upper ('re- 
taceóos ( Emseher-Mergel) of Gerinany. The original is in 
the Museum of the Universitv of Bonn (fide Schlüter, 1876, p. 
175). Deltocymatoccras rugatas comes from Upper Cretaceous 
strata of Bohemia. 

Genus E PTCYM ATOO ERAS n. gen. 

T y pe 6 pides. Xautüus r aelsensis Binckhorst, 1S61, p. 15, pl. 5c, figs. 2a, b, <*. 

This new genus is established for a species of Upper Creta- 
ctHjus nautiloid that lias a most unusual conch shape for post- 
Triassic nautiloids. The species has been described and figured 
by Binckhorst (1861, j). 15, pl. 5c, figs. 2a, b, c) and Schlüter 
1876, p. 177, pl. 51, figs. 3-4). Schlüter \s figure is reprodneed 
here on Píate 23, figs. 1,2. 

Xantilns vaclsensis has an evolute and greatly comp ressed 
conch. The umbilical diameter is approximately 25 per cent 
of the diameter of the conch. The whorl seetion is subquadrate, 
being nearly twice as liigh as wide. The ventral shoulders are 
angular, the venter narrow and flattened. The lateral flanks are 
oiily slightly inflated. The umbilical shoulders are broadly 
arched. The suture inscribes a verv shallow ventral lobe and 
a shallow lateral lobe. The position of the siphuncle is not 
known. The conch bears fine sinuous ribs that curve backwards 
toward the ventral shoulder and fonn a slight sinus on the 
venter. 

E pie ymat overas is distinguished from all other genera of the 
Cymatoceratinae by its compressed, evolute conch and fiattened 
venter. ft is the ribbing whieh altadles this genus to the Cyma- 
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toceratinae. Among the Cvmatoceratinae the onlv group some- 
what similar is Heminautilus whicli is likewise compressed in 
eonch form and with a flattened venter. However. in Heminau- 
tilus the whorl section is mneh more inflated near the umbilical 
shoulders and the flanks more convergent. Likewise this genns 
is verv involute and with a more sinuous suture. Most of the 
remaining genera and species of the Cvmatoceratinae have more 
involute and inflated eonchs. 

The presence of cvmatoceratid ribbing readily diíferentiates 
Epicymatoceras from other subfamilies of the Nautilidae. There 
is some similarity in conch shape of Epicymatoceras with that of 
Pseudocenoceras of the Nautilinae. However, in that genus the 
smooth conch has a well rounded ventral area ,steep umbilical 
shoulders, and is more involute. 

The type and onlv species of this genus has been identified 
from Upper Cretaceous (Maestrichtian) strata at Vaels near 
Achen (Germany) and at Limbourg (Belgium) just south of 
Achen. 



Subfamily HERCOGLOSSIXAE Spath, 1927 

Spath (1927a) originally erected this íamily to inelude the 
following genera: Pseudaganides Spath of the Jurassic and 
lowermost Cretaceous; Hercoglossa Conrad, Upper Cretaceous to 
Eocene; Hercoglossoceras Spath, Liassic ; Pseudonautilus Meek, 
Upper Jurassic; Paraturia Spath ( =Aturoidea Vredenburg), 
Cretaceous to Eocene; and Deltoidonautilus Spath, Eocene. 
Later he (Spath 1927b) ineluded Cunomia Conrad, and Stenzel 
(1940) added his genus Woodringia. Restudv of this group 
alters the above interpretaron in many important details. The 
Jurassic liercoglossids, namely Pseudaganides and Pseudonau- 
tilns are interpreted as a distinct phyletic line from the Cre- 
taceous-Eocene trend involving Hercoglossa itself (see page 389). 
Hercoglossoceras is eonsidered to be a synonym of Pseudaganides. 
lt is merely an early, highly compressed “ agauitici ?? and is part 
of the radiation from the cenoceratid complex which went in 
for highly modified sutures (Psendaganitinae). Adaptation to- 
wards modified (highly sinuous) sutures is a trend that has 
occurred many times in the évolutionarv history of the nautil- 
oids. Within the Upper Paleozoie few nautiloids are known with 
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highly sinuons sutures. The most extreme development is tliat 
found in Pennoceras bitauniensis (Ilaniel) from strata of 
Leonard age in Timor. Grypoccras ( Plummeroceras ) plummeri 
Kummel (1953c) of the Crypoeeratidae from beds of Leonard 
age in Texas has a deep ventral lobe and lateral lobe. When 
Miller and Collinson (1953) established the genus Permoceras 
they also ereeted the fainily Permoceratidae for their monotypie 
genus. It appears more likelv that Permoceras is an aberrant 
development from the Domatoceras-Grypoceras evolutionary line 
and should be included in the Grypoeeratidae. 

In tlie Triassic, the first large-scale adaptation towards highly 
modified sutures appears in the Clydonautilidae, Gonionautili- 
dae, and Siberionautilidae all of the Upper Triassic. The sutural 
patterns seen in these groups are elosely similar to those of the 
Pseudaganides-Pseuclonautilus trcnd of Jurassic age and to the 
Hcrcoglossa-At tiroidea trend of Cretaceous-Eocene age. The 
details llave been discussed previously (p. 389) and the evidence 
seems cpiite strong that in the Mesozoic tliere were three sepárate 
radiations built largely around modification of the suture, the 
first in the Triassic, the second in the Jurassic, and the third 
in the Cretaceous. A similar adaptive trend also took place in 
the Cymatoceratinae. Since the basic sutural tvpe must surely 
be an adaptive character it is no more tlian to be expected that 
repetition of similar forms will be produced. For the above 
reasons Pseudaganides and Pseudonaiitilus are considered a 
sepárate phyletic development and placed in the snbfamily 
Pseudaganidinae. 

Deltoidonautilus Spath is considered to be a synonym of An- 
gulithes Montfort (Kummel 1953a)). Spath placed Angulithes in 
the Xautilidae but it is here considered part of the Hercoglossi- 
nae. Woodringia Stenzel (1940) is placed as a synonym of Herco - 
glossa since the character upon whieh it was distinguished — a 
slight ventral lobe in the ventral saddle — is of no more than 
specific importance iu other genera of this subfamily. 

Tlius, as now interpreted, the Hercoglossinae inelude the fol- 
lowing genera: Hercoglossa Conrad, Cimomxa Conrad, Angu- 
lithes Montfort, and At tiroideo Vredenburg. These genera are 
all characterized by involute, smooth, conelis witli modified 
sutures. As has been shown by Miller (1947, 1949) on several 
occasions this group of genera appears to form a linear series 
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Fig. 20. Gcograpliie distribuí ion of specios of t lio siibfamil.v Horco 
glossinno in fonnations of (Tetaeuous age. 
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Fig. 30. Geographic distribution of spccics of the subfamily llereoglos- 
siuae in fonnations of Paleoceno, Eoceno, and Oligoeenc age. 
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of increasing sinuosity iu tke suture ranging from Cimomia to 
Hercoglossa to Aturoidea. Angulithes is probably a special de- 
velopment out of Cimomia maintaining an approximate cimomid 
type of suture but modifying the whorl section to a subtriangular 
shape rather tlian rounded. Cimomia is readily derived from 
Eutreplioceras with which it is more or less gradational. Since 
the genera of this subfamily (with the exception of Angulithes ) 
are separated on the basis of increasing sinuosity of the suture, 
it is understandable that there should be gradational forms. 
These gradational forms are found especially between Eutrepho- 
ceras and Cimomia and between Cimomia and Hercoglossa. It 
has been generally assumed that cach of these units had a single 
time of origin and thereafter were distinct genetic stocks (Miller. 
1949). An alternative interpretation is however, possible; 
that is, that there were several times in the Cretaceous and 
Tertiarv when radiations towards sinuosity of the suture oc- 
curred and what is normally ineluded in the genus Cimomia is a 
group of transitional species and not part of a single linear 
trend. The kind and nature of the data available, however, is 
not sufíicient to test this suggestion. The eutrephoceratid-evolv- 
ing stock is the paren t stock of several radiations (generic 
groups) of rather diverse morphologv. The fact that the genetic 
potential of the group shows variability in conch shape and 
suture, is no reason wliy any number of these variants in suture 
could not become in tliemselves genetically distinct, to become 
part of the species complex ineluded in Cimomia. 

All four of these genera oecur in the Cretaceous and range 
into the Eocene or Oligocene. Cimomia probably ineludes some 
Upper Jurassic species. In numbers of species, Hercoglossa has 
21, Cimomia 44, Angulithes 32, and Aturoidea 11. The rclatively 
large number of species is largely due to ‘ ¿ monographic * ’ highs, 
especially in Tertiarv faunas. 

Geographically, species of this subfamily are verv wide- 
spread. The distribution of the Cretaceous species of the sub- 
family is illustrated on Figure 29, those of the Tertiary on 
Figure 30. The maps show very well the general overlap in 
range of all of the genera. Xone of the forms is sufficiently com- 
mon at anv of the localities indicated so that eollections could 
be made for detailed population studies. 
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Gemís ClMOMIA Conrad, 1866 

Cimamia Conrad, 1866a, p, 102. 

C y momia Conrad, 1866b, p. 19. 

Cymmomea Conrad, 1868, p. 732. 

Cymomia Conrad, 1S68, p. 732. 

Ci momia Spath, 1927b, pp. 424-428. 

Xautilus (Javanocevas) Martin, 1932, pp. 1, 2. 

Cimomia Miller and Thompson, 1933, pp. 305-313. 

Cimomia Stenzel, 1940, pp. 751-753. 

Cimomia Miller, 1947, pp. 39-49. 

Cimomia Miller, 1951, pp. 38-47. 

Cimoviia Haas and Miller, 1952, pp. 329-338. 

Type species. Nautilus burtini Galeotti, 1837, from Eocene of Belgium, by 
original designation. Figured here on Píate 24. 

Most of tlie species of this genus are Tertiary in age (Paleo- 
cene — Lower Oligoeene) and the Tertiary speeies llave in recent 
vears been thorouglhly discussed by iMiller and Thompson 
‘(1933), Stenzel (1940)", Miller (1947)', Miller (1951), and Haas 
and Miller (1952). The ver y able diagnosis of the genus by 
Miller (1947, pp. 39-40) is quoted here: “Conch subglobular to 
subdiscoidal in shape and nautilieonie in its mode of growth. 
Whorls broadly rounded laterally, rounded ven t rally, and im- 
pressed dorsally. Umbilicus small : umbilical shoulders low and 
broadly rounded. Surface of conch marked by growth lines but 
does not bear ribs or noeles. Septa numerous and each suture 
forms a broad very shallow broadly rounded or slightly retuse 
ventral saddle, a broad shallow broadly rounded lateral lobe, a 
narrower higher rounded lateral saddle (located near the umbili- 
cal shoulder), a broad rounded lobe on the umbilical wall, and 
a fairly prominent internal lateral saddle that extends to a 
broad rounded dorsal lobe. Siphuncle small, circular in cross 
section, and orthoekoanitic in structure ; its position varies con- 
siderably in different species, but in no case is it marginal/’ 
Cimomia is in a sense a morphological transitional form, es- 
peciallv in its suture, between Eutrephoceras and Hercoglossa. 
In Eutrephoceras the suture is essentiallv straight, or onlv 
slightly sinuous: in Hercoglossa the suture has well defined lobes 
and saddles. In both of these genera there are transitional forms 
to Cimomia, reflected especially by the suture. That is, in 
Cimomia there is great variation in the intensity of the lateral 



r.l'LLETIN : .MrSEl'M OF CU JIPAR ATI VE ZOOLOGV 



44 (> 




O 



P \ 

Figure 3 1 



Q 



R 



KUMMEL: POST-TRIASSIC XAUTILOID GENERA 



447 



lobe and saddle (Fig. 32). Tliere is likewise much variation in 
the sliape of the eoneh (Fig. 31). I agree lieartily with Miller 
(1947, p. 41) that C. kugleri and C. vaugliani which have slight 
lobos in the ventral saddle shonld be retained in Cimomia and 
not separated from Ilcrcoglossa, as Woodringia was, solelv on 
ibis eharacter. In botli these speeies the median lobe is not 
developed until fnll matnrity . 

Most previous authors who liave diseussed this gemís were 
mainly eoneerned with the speeies which occur in Tertiary for- 
mations. Tliere are in addition to these, several speeies of Cre- 
taceous and possibly Upper Jurassie age that should be assigned 
to this genus. Therc is first of all Nautüus romeroi Ihering 
(1903, pp. 195-196, fig. 1) of the “Étage Rocanéen” (Upper Cre- 
taceons?) of the territory of Rio Negro in central Argentina, 
previousíy mentioned by Miller and Thompson (1935, p. 570) 
and Miller (1947, p. 41). Reeently Miller (1951) has recorded 
poorly preserved specimens which most surely belong to Cimo- 
mia from Maestrichtian formation of Senegal. These specimens 
are too poorly preserved to accurately identify specifically, but 
tliere is no donbt as to their generic affinities. From Libya, in 

Kig. 31. Cross seetions of tlie eoneh of A, Ilercoglossa harrisi Miller and 
Thompson, from Stenzel 1940, fig. 116, diameter 100 mm. ±; B, U. nlrichi 
(White) from Stenzel 1940, fig. 116, diameter 170 mm. ; C, H? forbesianas 
Blanford 1861, pl. 13, fig. lí, diameter 75 mm. ; l) y 11. gardnerae Stenzel 
1940, fig. 116, diameter 145 mm.; E, II. splendens Stenzel 1940, fig. 120, 
diameter 73 mm. ; F, Herco glosan orbiculata (Tnomey) from Miller 1947, 
íig. 12, lieiglit 174 mm. ; G , II. mcglameryae Miller and Thompson, from 
Miller and Collinson 1951, fig. IB, height 100 mm.; H , Aturoidea rieirai 
Miller 1951, fig. 16B, height 130 mm.; /, A. parkinsoni (Edwards) from 
Miller 1951, fig. 15A, height 180 mm., the genotype of Aturoidea ; J , A. 
paueife. r (Cope), from Miller 1947, fig. 18, diameter 228 mm.; K. Cimomia 
restali Miller and Thompson, from Stenzel 1940, fig. 118, diameter 126 mm. ; 
L, C. haltomi (Aldrieh) from Miller 1947, fig. 8, height 104 mm.; M, C. 
huccinaeformis Haas and Miller 1952, fig. 2, height 29 mm.; X, C. vaughani 
(Gardner) from Stenzel 1940, fig. 118, diameter 59 mm. ; O, C. turcicus 
(Krumbeck) 1905, pl. 7, fig. 6b, diameter 120 mm.; P, C. haughti (Olsson) 
from Miller 1947, fig. 9, diameter 60 mm.; Q, C. subrecta Miller and Thomp- 
son, from Stenzel 1940, fig. 118, diameter 120 mm.; i?, C. angustus (Blan- 
ford), from Stoliczka 1866, pl. 93, fig. 42, diameter 40 mm. 
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North Africa, Wanner (1902, p. 143) lias described Nautilus 
jordani, from formations of Danian age, which is clearly a 
species of Cimomia. Alberici (1940, p. 187) lists the range of this 
species as Campanian to Danian. The lateral saddle next to 
tlie umbilical shonlder in both C. romeroi and C. jordani is well 
developed and more distinet tlian in many lower Tertiary species 
such as C. septemcastr ensis Haas and Miller from Lower Eocene 
of Britisli Somaliland and C. sahariensis (Keller) from Eocene? 
of Freneli Sudan. Another Cretaceons species wliicli should be 
placed in Cimomia is A. augustas Blanford (1861, p. 27, pl. 14, 
figs. 1, 2) from the Ootatoor group (Cenomanian) of south 
India. Stoliczka (1866, p. 209) records an adclitional specimen 
of this species from the Ariyalur group (upper Senonian) of 
south India. The tvpe specimen of N. angustus is a much com- 
pressed form witli a narrowly round ed venter, and is the most 
compressed species of Cimomia of which a record is available. 
Stoliczka ? s specimen (1866, pl. 93, fig. 4, 4a) is a inore in- 
flated form and more typical of most species of Cimomia. Speng- 
ler (1910, p. 145) expressed doubt as to whether Stoliczka ’s speci- 
men is conspecific with that illustrated by Blanford. Even if these 
two specimens are not conspecific, they both belong in Cimomia. 
In both specimens the suture has the characteristic pattern found 
in Cimomia. 

Fig. 32. Diagrammatie representation of sutures of A, E ut re pho ceras 
victorianum (Teichert) 1947, fig. 7; !>', E. djelcayi (Morton) from Reeside, 
1924, fig. Id.; C, Cimomia wyllei (Newton) from Haas and Miller, 1952, 
fig. 5; V, Eutrephoeeras sloani Reeside from Miller, 1947, fig. 6; E , Cimo - 
mia landanensis (Yincent) from Miller, 1947, fig. 7A; F, Cimomia subrecta 
Miller aiul Thompson, 1933, from Stenzel, 1940, fig. 119 (2); G , Cimomia 
haltomi (Aldrich) from Stenzel, 1940, fig. 119 (1); H, Cimomia pseuda • 
bouchardianum (Spengler) 1910, from Blanford, 1861, pl. 5, fig. 6; I, 
Angulitlics sow.erbyi (IVetlierell) from Stenzel, 1940, fig. 124 (1); J , Cimo - 
mia vestali Miller and Thompson, 1933, from Stenzel, 1940, fig. 119 (4) ; 
K, AnguJitlies molli (Douvillé), from Miller, 1951, fig. 12A; L y Cimomia 
macfadyeni (Haas and Miller) 1952, fig. 4 A; M, Angulitlies elliotti (Sten- 
zel) 1940, fig. 124 (2); X, A. balceri (Teichert) 1947, fig. 3; O, A. spathi 
(Haas and Miller) 1952, fig. 7; P, A. biyogorensis (Haas and Miller) 1952, 
fig. 6; Q, A. chudeaui (Douvillé) from Miller, 1951, fig. 10B; P, A. sp. from 
Haas and Miller, 1952, fig. 8B. All figures greatly reduced. 
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The oldest species of C ¿momia is thouglit to be X autilus t urd- 
áis Krumbeck (1905, p. 137, pl. 14, fig. 6 a, b) from Upper 
Jurassic Glandarienkalkes of Libya. This speeies has an inflated, 
subglobular, smooth conch and a suture that is slightly sinuous 
with a rather weak lateral lobe followed by a broad very shallow 
saddle. As was pointed out above, graditional forms between 
Entrépito ceras and Cimomia are known; X. turcicns can surely 
be considered sueh a forra. The shallow, but very distinct lateral 
saddle lying above the umbilical shoulder shows a clear pattern 
like that found in Cimomia, even though it is only weakly de- 
veloped. 

The distribution and age of the species of Cimomia are given 
below. In addition to these it should be noted that Teichert and 
Glenister (1952, p. 737) record tlie presence of undescribed 
species of Cimomia in beds of Upper Campanian to Lower 
Maestrichtian age from the northwest basin of Western Au- 
stralia. 

DISTRIBUTION OF SPECIES OF THE GENUS CIMOMIA 



Species 


Stratigraphic 

Distribution 


Geographie 

Distribution 


C. angustus (Bianford) 1861 


Cretaceous 

(Upper) 


south India 


C. blalcci (Avnimelech) 1947 


Oligocene 


Palestine 


C. buecinaeformis Haas and Miiler, 1952 


Eoeene 


British 

Somaliland 


C. burtini (Galeotti) 1837 


Eoeene 


Belgium 


C. cantabrigicnsis (Foord) 1891 


Cretaceous 

(Cenomanian) 


England 


C . columbinus (Fritsch and Schlonbaeh) 


Cretaceous 


Bohemia 


1872 


(Cenomanian) 




C.cossmanni (Vredenburg) 1928 


Tertiary 
( Lower) 


Pakistán 


C. crassiconcha (Yogl) 1908 


Eoeene 


Hungarv 


C . d’orbignyanus (Forbes) 1S46 


Cretaceous 


Chile 


C. cllipticus (Schafhautl) 1852 


Eoeene 


B a varia 


C. expletuá (Zwierzycki) 1914 


Cretaceous 

(Xeocomian) 


East Africa 


C. /orbe si (D’Arehiae and Haime) 1854 


Eoeene 


Pakistán 


C. haltomi (Aldrich) 1931 


Paleoc-ene 


Alabama 

(U.S.A.) 
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Species 


Stratigraphic 

Distribution 


Geographic 

Distribution 


C. heberti (Binckhorst) 1861 


Cretaceous 


Belgium 




(Maestrichtian) 


('. hesperia Miller and Downes. 1950 


Eoeene 


Washington 

(U.S.A.) 


C.hmti Haas and Miller, 1952 


Eoeene 


British 

Somaliland 


C.intuscatenatus (Martin) 19-32 


Eoeene 


Java 


C.imperüilis (J. Sowerby) 1812 


Eoeene 


England 


C. jordani (Wanner) 1902 


Cretaceous 

(Cainpanian- 

Danian) 


Lihya 


C. barbaren sis Haas and Miller 1952 


Eoeene 


British 

Somaliland 


C. kugleri Miller, 1947 


Paleocene 


Trinidad 


C. lavdanensis (Vincent) 1913 


Paleoceno 


Cabiuda, 

Africa 


C. h oii i ce asis (de Zigno) 1881 


Eoeene 


Italy 


C. maefadyeni Haas and Miller 1952 


Eoeene 


British 

Somaliland 


(\ macrocephalus (Schafbautl) 1S63 


Eoeene 


Bavaria 


(\ maryUvndensis Miller and Thompson, 


Eoeene 


Maryland 


1933 




(U.S.A.) 


C. molcattamensis (Foord) 1S91 


Eoeene 


Egypt 


C. negriten^sis (Olsson) 1928 


Eoeene 


Perú 


C.parallehis (Sehafhautl) 1863 


Eoeene 


Bavaria 


('. pernambucensis (Maurv) 1930 


Paleocene ? 


Brazil 


C. phosphaticns (Bédé) 1933 


Eoeene 


Morocco 


C. pseadobouchardiannm (Spengler) 1910 


Cretaceous 

(Upper) 


India 


C. pusilla Haas and Miller, 1952 


Eoeene 


British 

Somaliland 


C. romeroi (Ihering) 1903 


Cretaceous 
(Upper) ? 


Argentina 


C. safuiriensis (Keller) 1932 


Eoeene % 


Freuch 

Sudan 


C.seelandi (Penecke) 1884 


Eoeene 


Austria 


C. se ptemcastr ensis Haas and Miller, 1952 


Eoeene 


British 

Somaliland 


C. sindiens-is (Vredenburg) 1928 


Tertiary 

(Lower) 


Pakistán 
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Stratigraphie Geographic 
Speeies Distribution Distribution 



C. subrecta Miller and Thompson, 1933 


Paleoeene 


Mississippi 

(U.S.A.), 

Trinidad 


C. sudanetisis Miller, 1951 


Paleocene 


French 

Sudan 


C. tessieri Miller, 1951 


Paleoeene 


Senegal, 

Africa 


C. turcicus (Krumbeek) 1905 


Jurassic 

(Upper) 


Libya 


C. vaughani (Gardner) 1923 


Paleocene 


Texas, 

Alabama 

(U.S.A.) 


C. vestali Miller and Thompson, 1933 


Paleocene 


Mississippi 

(U.S.A.) 


C.wyllei (Newton) 1925 


Eocene 


Somaliland 



Genus AXGULITHES Montfort, 1808 

AngulitJies Montfort, 1808, p. 7. 

Angulithes Spatli, 1927a, pp. 21, 24. 

Deltoidonaatilus Spath, 1927a, pp. 22, 26. 

Deltoidonautilus Spath, 1927b, pp. 427, 428. 

Deltoidonautilus Stenzel 1940, p. 759. 

Deltoidonautilus Teichert, 1947b. 

Deltoidonautilus , Miller, 1947, pp. 64-67. 

Deltoidonautilus Miller, 1951, p. 51 
Deltoidonautilus Haas and Miller, 1952, pp. 338-344. 

Angulithes Kummel, 1953a, p. 8. 

Type speeies. Xautilus triangularis Montfort, 1802 (bv original designation 
in Montfort, 1808, p. 7). 

The generic ñame Angulithes remainecl unused b y paleontol- 
ogists until Spath (1927a) revived it and placed the genus in 
the family Xautilidae. Spath (1927a, p. 21) Usted as genolecto- 
type ( Xautilites’ triangularis , Montfort, in d’Orbigny, 1840, 
píate 12. Iiowever, Montfort (1808, p. 7) speeifically designated 
as type of his gemís ‘Xautilite triangulaire du Havre ’ (Histoire 
des Mollusqnes, Buffon, édition de Sonnini, tom. 4, pag. 292, 
planche 49, 1802). Montfort ’s illustration of the type of Angu- 
lithes triangularis (1802, pl. 49) is reproduced here on Píate 25, 
figure 2. His 1808 illustration of this speeies is reproduced on 
Píate 25, figure 1. Both of these illustrations elearly show the 
triangular outline of the whorl section, the degree of involution, 
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and the subcentral position of the siphuncle. The sutures on 
the type illustration (Pl. 25, fig. 2) are undoubtedlv oversimpli- 
fied and wrong. Man y specimens of this species from France 
have been illustrated and recorded; they all llave a sinuous 
suture with a wide latei'al lobe and a small saddle near the 
umbilicus. D’Orbigny (1840, p. 79) described and illustrated 
Nautilus triangularas Montfort including in the synonymy both 
of Montfort ’s 1S02 and 1808 citations. lie likewise listed numer- 
ous localities where X. triangularis liad been found. It is not 
known whether or not d’Orbigny had access to Montfort ’s type. 

The ñame combination of Angulithes triangularis Montfort 
(1808) has been validly introduced. There mav be a question 
as to whether the species could be recognized from Montfort ’s 
text and illustrations. Even though the suture line as repre- 
sented on Montfort ’s (1802) illustration of Angulithes triangu- 
laris is undoubtedlv oversimplified I believe that the species is 
recognizable. 

At the same time that Spath (1927a) revived the ñame An- 
gulithes, he established a new genns Deltoidonautilus, type 
species, Nautilus sowerbyi TVetherell, 1836, in J. de C. Sowerby, 
1843, p. 35, pl. 627, figs. 1-3. Angulithes was thought to be con- 
fined to the Cretaceous and Deltoidonautilus to the Cenozoic. 
Wliile Spath (1927a, p. 26) did not diagnose his new genus, he 
made the following eomment: “Deltoidonautilus in whorl shape 
resembles the Cretaceous Angulithes , and d 'Archiac, and Foord 
(1891, p. 327) had compared Deltoidonautilus deluci (d’Ar- 
chaic) with Angulithes triangularis. The latter, however, with 
its less sinuous suture line, is more closely allied, via Ang. 
fleuriausianus (d’Orbigny) with the regular Xautilid stock that 
produced Pseudocenoceras in the Cretaceous, as it had given 
rise before to the less speeialized Paraeenoceras of the callo- 
viensis type.” The degree of variability in conch shape and 
sinuosity of the suture are sncli that the two groups cannot be 
distinguished (Figs. 32, 33). There is almost a continuous series 
of species, through the Cretaceous to the Eocene, of involute 
nautiloids with narrowly rounded to angular venters. Deltoido- 
nautilus is placed as a syncnym of Angulithes (Kummel, 1953a). 

Angulithes can be diagnosed as follows: Conch very involute, 
generally compressed, whorl sides slightly convex, strongly con- 
vergent, ventor narrowly rounded to angular. Suture moder- 
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ately sinuous with a narrowly rounded ventral saddle, a broad 
lateral lobe, a narrow, rounded saddle, and a small lobe on tlie 
umbilical shoulder. Siphuncle small and loeated near tlie dor- 
sum. 

Foord (1891, p. 267) has noted tliat in the type speeies — A. 
triangulavis — the periphery can be alternately rounded and 
sharply angular. Angulithes scnegalensis (Douvi)lé) has a sub- 
angular periphery on the earlier growth stages but at maturitv 
the venter is rounded (Miller, 1951, fig. 14). 

Angulithes is in many respects transitional to both Cimomia 
and Ilercoglossa , differing mainly in its subtriangular wliorl 
seetion. It is open to question whether this generic group repre- 
sents a continuous genetie line or trend or whether it may be 
eomposed of numerous adaptive trends with this conch shape 
stemming at several times from either Cimomia or Ilercoglossa. 
The oldest speeies of Angulithes known to date are A. arcuatus 
(Deshayes) from the Albian of Frailee and England and A. 
munieri (Choífat) from Cenomanian (Cretaeeous) of Portugal 
(Choífat, 1886) and Perú (Schlagántweit, 1912). Kummel 
(1953a) has reeorded an indeterminate speeies of Angulithes 
from the Pawpaw formation, Tarrant County, Texas. The young- 
est speeies is A. hakeri (Teiehert, 1947, 1952) from Oligoeene 
strata of Australia. There are se ven speeies of Angulithes re- 
corded from the Cretaeeous (Fig. 29). Most of these are known 

Fig. 33. Cross seetions of the conch of A, Angulithes soioerbyanus 
(d’Orbigny) 1840, pl. 16, fig. 2, diameter 270 non.; B, A. deluci (cPArehiac) 
from Miller, 1951, fig. 11 A, diameter 128 mili.; C, A. triangularis Montfort, 
from d’Orbigny, 1840, pl. 12, fig. 2, diameter 200 mm., the genotype of 
Angulithes ; JJ, A. fleuriausicnnis (d ’Orbigny) 1840, pl. 15, fig. 2, diameter 
192 mm.; E, A. fleuriausianus (d’Ürbigny) from Stoliezka, 1866, pl. 
94, fig. la, diameter 100 mm.; F, A. fleuriausiamus (d'Orbigny) 1840, pl. 
15, fig. 3, height 64 mm.; G , A. soiccrhyi (Wetherell) from Miller 1947. 
fig. 13 A, height 81 mm.; 7/, A. sp. (Haas and Miller) 1952, fig. 8B, height 
38 mm.; 7, A. trestphalicus (Selilüter) 1876, pl. 47, fig. 2, diameter .369 
mm.; J , A. tamulicus (Kossmat) 1897, pl. 6, fig. 6, height 84 mm.; K, A. 
elliotti (Stenzel) from Miller 1947, fig. 13B, height 110 mm.; L , A. chudcaui 
(Douvillé), from Miller 1951, fig. 10A, height 56 mm. ; Ai, A. rogeri (Miller) 
1951, fig. 13, height 100 mm. ; A, A. molli (Douvillé), from Miller 1951, fig. 
12B, height 72 mm. 
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from Upper Cretaceous formations of Europe. Species are also 
known from south India, Perú and Texas (U.S.A.). Tertiary 
species of Angulithes are very widely distributed, being known 
from Xorth and South America, Europe, Africa, Pakistán, and 
Australia. Most of the Tertiarv species are Eocene in age (Fig. 
30 ). 

DISTRIBUTION OF SPECIES OF THE GENES ANGULITHES 



Stratigraphic Geographie 
Species Distribution Distribution 



A. aegyptiacus (Foord) 1891 


Eocene 


Egypt 


A. arcuatus (Desliares) in Leymerie, 1842 


Albian 


France, 

England 


A. bakeri (Teichert) 1947 


Oligo cene 


Australia 


A . biyogorensis (Haas and Miller) 1952 


Eocene 


Britisli 

Somaliland 


A. caheni (Miller) 1951 


Eocene 


Landana, 
West Africa 


A. calvimont cnsis (Bédé) 1948 


Eocene 


France 


A. cassinianus (Foord and Criek) 1890 


Eocene 


England 


A. chndeaui (Douvillé) 1920 


Eocene 


Frene h 
Sudan 


A.deluci (d'Arehiac) 1854 


Tertiarv 

(Lovrer) 


Pakistán 


A. elliotti (Stenzel) 1940 


Eocene 


Texas 

(U.S.A.) 


A. fl.euriausianus (d’Orbigny) 1840 


Cretaceous 


Europe 


A. galea (Fritsch and Sehlonbaeh) 1872 


Cretaceous 

(Upper) 


Bohemia 


A.haughti (Olsson) 1928 


Eocene 


Perú 


A. hazaraensis (Das-Gupta) 1910 


Tertiarv 

(Lower) 


Pakistán 


A. lamarckii (Deshayes) 1824 


Eocene 


France 


A. lemoinei (Miller) 1951 


Eocene 


Freneh 

Sudan 


A. molli (Douvillé) 1920 


Eocene 


Freneh 

West 

Africa 


A. munieri (Choffat) 1886 


Cretaceous 


Portugal, 




(Cenomanian) 


Perú 


A. parabolicus (Sehafhautl) 1863 


Eocene 


Ba varia 
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Stratigraphic Geographic 
Species Distribution Distribution 



A.rogeri (Miller) 1951 


Palé o cene 


Senegal 


A. rollandi (Leymerie) 1846 


Eoeene 


F vanee 


A. senegalemis (Houvillé) 1920 


Eocene 


Senegal 


A.singularis (Haas and Miller) 1952 


Eoeene 


British 

Somaliland 


A. somalicnsis (Newton) 1925 


Eocene 


British 

Somaliland 


A. sowerbyanus (d’Orbignv) 1840 


Cretaceous 

(Upper) 


France 


A. sowerbyi (Wetherell) 1836 


Eocene 


England 


A.spathi (Haas and Miller) 1952 


Eocene 


British 

Somaliland 


A. subfleuriausianus (d’Archiae) 1850 


Tertiary 

(Lower) 


Pakistán 


A. tamulicus (Kossmat) 1897 


Danian 


India 


A. togoensis (Miller) 1951 


Eocene 


Togo 


A. triangularía Montfort, 1802 


Cretaceous 

(Upper) 


France, 

England 


A. jcestplialicus (Rchlñter) 1872 


Cretaceous 

(Senonian) 


Germany 


Genus HERCOGLOSSA 


Conrad, 1866 



Hercoglossa Oonrad, lS66a, p. 101. 

Hercoglossa Hyatt, 1883, pp. 270-271. 

Enclimat oceras Hyatt, 1883, p. 270. 

Hercoglossa Spath, 1927a, pp. 22, 25, 26. 

Hercoglossa Miller and Thompson, 1933, pp. 313-324. 

Hercoglossa Stenzel, 1940, p. 743. 

TVoodrmgki Stenzel, 1940, pp. 753-759. 

Hercoglossa Miller, 1947, pp. 49-64. 

I Voodringia Miller, 1947, pp. 67-69. 

Hercoglossa Miller, 1951, pp. 47-51. 

Ty pe species. Xautilus orbieidatm Tuomey, 1854, íroni Paleoceno of Ala 
baraa, designated by Hyatt (1883), neotype designated by Miller and 
Thompson (1933). Xeotvpe refignred heve on Píate 27, figs. 1, 2. 

The most recent and comprehensive study of tliis genus is 
that by Miller and his diagnosis is quoted here (Miller, 1947, 
p. 50) : 

“Conch nautiliconic in its modo of growth and subglobular 
to subdiscoidal in form. AVhorls more or less flattened (but 
typically very broadly roundedi laterally, rather narrowly 
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rounded ventrally, and deeply impressed dorsally. Umbilicus 
small ; umbilical shoulders rounded. Surface of the test smooth. 
Septa fairly nnmerous, and each suture forms a broad ver y 
broadly rounded ventral saddle, a deep rounded lateral lobe, a 





Figure 34 
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similar lateral saddle, a shallower rather broad rounded lobe on 
or near the umbilical wall, and a broad rounded internal lateral 
saddle tliat extends to a deep rather narrowlv rounded dorsal 
lobe. Siphuncle small and orthochoanitic in structure ; its posi- 
tion varios eonsiderably in thc different species but in no case 
is it marginal.” 

Ilercoglossa is cíosely related to Gimomia from whicli it dif- 
1‘ers in shape of the suture, to Angulithcs from whieh it differs in 
shape of the whorl seetion and from Aturoidca from which it 
differs in shape of suture and position of the siphuncle (Figs. 
31, 32, 33, 34). Ilercoglossa is derivcd from Cimomia and in- 
eorporates a more advanced or sinuous suture. 

The genus Woodringia was established by Stenzel for W. 
splendevs Stenzel and W. si mi en sis (Vokes) which havc a cimo- 
mid type of conch in being subglobular, and a liercoglossid type 
of suture exeept for a shallow lobe on the venter (Fig. 34). 
Stenzel differentiates Woodringia on the depressed aspect of 
the whorl seetion and the presence of a ventral lobe ; he con- 
sidered Woodringia to be an independent offshoot from some 
liercoglossid ancestor. Whereas hereoglossids have in general 
more eompressed eonchs than cimomids, there is much variation 
in the shape of the whorl seetion (Figure 31). I do not consider 
the shape of the conch in this particular case to be of any diag- 
nostic valué. As to the suture, the presence of the ventral lobe 
in the ventral saddle is a moditication tliat has oceurred in 
other stocks and has been held to be of not more than specific 
valué. Among species of Cimomia, for example, the ventral sad- 

Fig. 34. Diagrammatie representaron oí' sutures of A, Aturoidea pauri- 
fvx (Cope) from Miller aiul Thompson, 1935, pl. 05, fig. 2; It, A . ririrai 
Miller, 1951, fig. 10-A ; C, UciToglossa gardneme Stenzel, 1940, íig. 117 
(1) ; I), 11. diderrichi Vineent, from Miller, 1951, fig. 9; E, 11. diderricli 
Vincent, from Stenzel, 1939, fig. 117 (2) ; F, II. harrisi Miller and Thompson. 
1937, from Stenzel, 1940, fig. 117 (8); G, II. orbiculata (Tuomev) from 
Stenzel, 1940, fig. 117 (3); II, II. splendens (Stenzel) 1940, fig. 121 (1) ; 
I, E. mcglamnyae Miller and Thompson, 1933, fig. 2D ; J, E. maracciibocn 
sis Miller and Collinson, 1951, fig. 2A; K, E. simiensis Vokes, 1937, from 
Stenzel, 1940, fig. 121 (2); L, E. popenoei Miller and Downs, 1950, fig. 1; 
M , E. daiúcus (Schlotheim) from Blanford, 1S61, pl. 13, fig. 4. All figures 
greatly redueed. 
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dle is normally well rounded, but in C. kuyleri Miller and C. 
vaughani (Gardner) a slight median lobe appears at late ma- 
turity. Likewise two speeies of Aturia ha ve ventral lobes whereas 
the “normal” State is a rounded ventral saddle. In Aturia 
berryi Stenzel (1940, p. 764-770, pl. 40, figs. 1-3, text figs. 125 
(7) and 126 (2)) the suture is “slightly wavy aeross the venter 
so that there is a very shallow ventral lobe in the eenter flanked 
on either side by a shallow ventral saddle/ ’ However, Miller 
(1947, p. 88) suggested that the slight ventral lobe may be 
adventitious in that he eoukl not discern tliis lobe in any of 
the other sutures. However, there is another speeies of Aturia, 
A. coxi Miller, 1947 ( =A . narica Cox 1927, non Vredenburg) 
from Lower Mioeene of Pemba Island in the Zanzibar Protee- 
torate. In this speeies there is a distinet, ratlier deep, ventral 
lobe. I liave had the opportunity of examining this specimen 
in the British Museum and agreewith Cox that it belongs in 
Aturia , and I agree with Miller that it is a distinet speeies. 
In each of the above eases we are dealing with merelv local 
aberrant speeies. 

Another generic group that displays the same type of varia- 
tion in the ventral suture is Pseuclaganides. In this genus 
the “ normal ” condition is to liave a slight lobe on the venter; 
however, a few Upper Jurassic speeies as P. schlosseri (Loeseh, 
1914, pp. 114-118, fig. 8) develop a rounded ventral saddle on 
the last mature sutures where previously a shallow lobe ap- 
peared. 

Two speeies of early Cretaceous nautiloids with sinuous ‘‘her- 
coglossid” sutures are very diffieult to evalúate. These are 
Xautüus ricordeanus d’Orbigny and X. forbcsianus Blanford. 
The former speeies (X. ricordeanus d’Orbigny) was never illus- 
trated by its autlior and onlv very briefíy diagnosed. Subse- 
quentlv Kilian (1915, pp. 17, 18) described and illustrated a 
speeimen from Aptian (Lower Cretaceous) formations of south- 
eastern Franee which he assigned to X. ricordeanus. The speei- 
men is small (44 nim. diameter), involute, eompressed, with 
rounded venter, and flattened sides. The suture is broadly 
arehed over the venter and forms a narrowly rounded V-shaped 
lobe on the lateral sides. The remaining portion of the suture is 
not visible in Kilian ’s illustration. Xautilus forbcsianus is from 
Albian strata of south India (Blanford, 1861) and is likewise 
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an involute, compressed forra with an arched venter and the 
suture has a broad, nearly straight course aeross the venter and 
a V-shaped lateral lobe. The charaeter of the suture of these 
two species suggests affinity to Aturoidea more than to Herco- 
glossa. However, the position of the siphuncle is nearer the 
venter rather than nearer the dorsum as in Aturoidea . Cre- 
taceous species of Hercoglossa and Aturoidea are indeed very 
rare and any interpretaron of these two species can only be 
tentative pending discovery of new material. It seems that in 
spite of the apparent specialization of the lateral lobe it 
would be best to allv these two species, with question, in 
Hercoglossa. The derivation of Aturoides from Hercoglossa has 
been a long-accepted, and to me, a correct interpretation. The 
oldest species of Aturoidea is A. serpentinus (Blanford) from 
Senonian strata of south India. Nautilus ricordeanus and N. 
forbesianus are thus here considered as part of the earliest 
radiation from Cimomia but perhaps are not part of the main 
evolutionary line but still congeneric with the principal group. 

The species assigned to Hercoglossa with their time and geo- 
graphic range are listed below. The geographic distribution is 
noted on the maps of Figures 29, 30. Teichert and Glenister 
(1952, p. 737) record the presence of an undescribed new carí- 
nate species of Hercoglossa from Eocene strata from the north- 
west basin of Western Australia. 

DISTRIBUTION OF SPECIES OF THE GENES HERCOGLOSSA 



Species 



Stratigraphic Geographic 
Distribution Distribution 



H. harrisi Miller and Thompson, 1937 
H. inmominanda Fleming, 1945 



H. gardnerae Stenzel, 1940 



H. danicus (Schlotheim) 1820 



H. lamegoi Oliveira, 1953 
H. madagascariensis Collignon, 1951 



H. diderrichi Vincent, 1913 
JJ.? forbesianus (Blanford) 1861 



Paleocene 

Cretaceous 

(Albian) 

Paleocene 



Danian 



Paleocene 

Cretaceous 



Paleocene 

Eocene 



Europe, Asia, 

Africa 

Senegal 

South 

India 

Texas 

(U.S.A.) 

Trinidad 

New 

Zealand 

Brazil 

Madagascar 



(Uper) 
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Stratigrapliie Geographie 
Species Distribution Distribution 



H. mcglameryae Miller and Thompson, 


1933 Paleocene 


Alabama 

(U.S.A.) 


H. merriami Dickerson, 1914 


Paleocene 


California 

(U.S.A.) 


H. orbicvlata (Tuomey) 1854 


Paleocene 


Alabama 

(TJ.S.A.) 


R. pavlowi (Arkhanguelsky) 19Q4 


Paleocene 


Russia 


R. peruviana Berry, 1923 


Eocene 


Perú 


R. popenoei Miller and Downs, 1950 


Paleocene 


Baja, 

California 

(U.S.A.) 


RJ ricord.eanus (d'Orbigny) 1847 


Cretaceous 

(Aptian) 


Franee 


H. simieTisis Vokes, 1937 


Paleocene 


California 

(U.S.A.) 


H.splendens (Stenzel) 1940 


Paleocene 


Texas 

(U.S.A.) 


R. tuomeyi Clark and Martin, 1901 


Eocene 


Maryland, 

Virginia 

(U.S.A.) 


R.ulrichi (White) 1882 


Paleocene 


Ark., Tenn., 
Ala., Miss., 
Texas 
(U.S.A.) 


R. walteri Miller, 1947 


Paleocene 


Alabama 

(U.S.A.) 


R . waringi Miller, 1947 


Eocene 


Trinidad 



Genus AtüROIDEA Vredenburg, 1925 

Aturoidea Vredenburg, 1925, p. 9. 

Paraturia Spatli, 1927a, pp. 22, 26. 

Paraturia Spath, 1927b, p. 42S. 

Aturoidea Vredenburg and Cotter, 1928, p. 18. 

Aturoidea Sehenck, 1931, p. 450. 

Aturoidea Miller and Thompson, 1935, pp. 563-571. 

Aturoidea Teiehert, 1943, pp. 258-261. 

Aturoidea Haas, 1947, pp. 243, 244. 

Aturoidea Miller, 1947, pp. 69-77. 

Aturoidea Miller, 1951, p. 68. 

Type species. Xautilus parkinsoni Edwards (subsequent designation by 
Miller and Thompson 1935, p. 563). Figured kere on Píate 28, figures 
1 , 2 . 
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Miller (1947) has recently thoroughly reviewed the available 
data on this interesting genus and I find myself in essential 
agreement with most of his conclusions. His diagnosis of 
Aturoidea is quoted here (Miller 1947, p. 70) : 

‘ ; Conch sublenticular in shape and nautiliconic in its mode 
of growth; all known forms are large. Vrhorls compressed, 
flattened laterally, rounded ventrally, impressed dorsally. Um- 
bilicus closed ; umbilical slioulders rounded. Septa asymmetri- 
cally sigmoidal; each mature suture forms a very broad high 
blunt ventral saddle, and on either side of it a deep narrow 
asymmetrical narrowly rounded lateral lobe, a broad high 
broadly rounded asymmetrical lateral saddle, a broad rounded 
lobe with its center near the umbilical seam, and a broad rounded 
saddle located on the side of the impressed zone and extending 
to the large rounded Y-shaped dorsal lobe. Siphuncle sub- 
central or subdorsal in position (being nearer the dorsum than 
the venter, but not in contact with the dorsum), and ortho- 
choanitic in structure — the siphuncular segments are essentially 
cylindrical in shape and the septal necks are relatively long. 
being only slightlv shorter than the connecting rings.” 

Onlv 11 species of Aturoidea have been recorded to date and 
each species is known bv one or very few specimens only, a fací 
unfortunately applicable to most post-Triassic nautiloids. As 
pointed out by Miller on various occasions Aturoidea is very 
closelv related to Hercoglossa and At liria; in fact, it is more or 
less intermedíate between them. It ditfers from Hercoglossa in 
the position of the siphuncle and in the character of the suture. 
In At liria the dorsal (marginal) position of the siphuncle and 
the infundibular flexil res of the septa are distinctive. The main 
variations in the suture are in the width and shape of the lateral 
lobe. 

In A. serpentinus and A. scliweinfurthi, both of Upper Cre- 
taceous age, the lobe is well rounded and rather broad. However, 
in A. vieirai from strata of questionable Upper Cretaceous age 
the ventral flank of the lateral lobe has a distinctive flexure in 
the lower part making the tip of the lobe narrowly rounded. 
This same tvpe of modification of the lateral lobe is present in 
A. matheivsonii of Paleoeene? age, in A. paucifex of Eocene 
age, in A. * pilsbryi of Eocene age, and in A. parkinsoni, of 
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Eocene age. The lateral lobe is very narrow and pointed in A. 
distans from the Eocene of Australia. 

There are too few specimens or species of At tiroidea known 
to recognize any distinct evolutionary patterns within the group. 
Species of Atar oidea are known from formations of Cretaceous, 
Paleocene, and Eocene age and have been recorded from Eng- 
land, Austria, India, Africa, Australia, Perú, California, and 
New Jersey (U.S.A.) (Figs. 29, 30). Teichert and Glenister 
(1952) report undescribed specimens of Aturoidea from Upper 
Maestrichtian age from western Australia. 

DISTRIBUTION OF SPECIES OF THE GENUS ATUROIDEA 



Species 


Stratigraphic 

Distribution 


Geographic 

Distribution 


A. brunlechneri (Frauscher) 1895 


Eocene 


Austria 


A. distans Teichert, 1943 


Eocene 


Australia 


A. matheicsonii (Gabb) 1864 


Paleocene 


California 

(U.S.A.) 


A. olssoni Miller, 1947 


Eocene 


Perú 


A. parTcinsoni (Edwards) 1849 


Eocene 


England 


A.paucifex (Cope) 1866 


Eocene 


New Jersey 
(U.S.A.) 


A. pilsbryi Miller and Thompson, 1935 


Eocene 


New Jersey 
(U.S.A.) 


A. schweinfurthi (Quaas) 1902 


Cretaceous 

(Campanian- 

Maest.) 


Libya 


A. serpentinus (Blanford) 


Cretaceous 

(Senonian) 


India 


A. spathi (Vredenburg) 1928 


Eocene 


India 


A. vieirai Miller, 1951 


Cretaceous 

(Upper?) 


Angola 



Subfamily ATURINAE Hyatt, 1894 
Genus AtüRIA Bronn, 1838 

Type species. Xautilus aturi Basterot, by subsequent designation, Herrmann- 
sen, 1846, and by virtual tautonymy. 

The genus Ataría, the solé member of the Aturinae, has re- 
ceived more intensive study than any other group of post-Trias- 
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Eig. 35. Geograpliic distribution oí speeies oí the genus Aturia in íorma- 
tions of Paloeeene, Eocene, Oligocene, and Mioceno age. 
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sic nautiloids. The most comprehensive discussion is that of 
Schenek (1931), and recently IMiller (1947) has described the 
speeimens of Aturia known from the Amerieas. Schenek (1931, 
pp. 448, 449) gives a complete synonymy of the genus and this 
need not be repeated liere. Since Schenek ’s paper, Stenzel 
(1935, pp. 553-556) has proposed two new snbgenera, A. (Ni Hat li- 
ria) and A. ( Brazaturia ) ; however, I agree with Miller (1947, 
p. 81) that these snbgeneric categories should not be used. Pre- 
viously Ihering (1921, p. 76) had proposed the snbgenns Aturia 
( Sphenaturia ) but this ñame is also suppressed (Schenek, 1931, 
p. 450; Miller, 1947, p. 81). 

This genus is characterized mainly by the infundibular adapi- 
eal flexure of the septa around the dorsal marginal siphuncle. 
The coneh is usually more compressed and the suture more ad- 
vaneed than in other Tertiary nautiloids. There is very good 
ontogenetic evidence of the origin of Aturia from Hercoglossa 
through Aturoidea (Miller 1947, pp. 78, 79). The genus has 
been so thoroughly discussed by Schenek (1931) and Miller 
(1947) that I ha ve nothing of significance to add. 

Aturia is truly a cosmopolitan genus, nearly world-wide in 
distribution and ranges in age from lowest Paleoeene (possibly 
l’pper Cretaceous) vvell into the Mioeene (Fig. 35). The named 
units, “species,” of Aturia recorded so far are listed below. 

DISTRIBUTION OF SPECIES OF THE GENUS ATURIA 



Speeies 


Stratigraphic 

Distribution 


Geograplüc 

Distribution 


A. alaba m ensis (Morton) 1834 


E ocene 


Atlantic 
and Gulf 
Coastal 
Plain; 
México 


A. alaskensis Schenek, 1931 


Oligoceue 


Gulf of 
Alaska 


A. angustata (Conrad) 1S49 


Oligoceue- 


Calif. ; 




^Miocene 


Wask.; 

Oregon 

(U.S.A.) 


A.aturi (Basterot) 1825 


Mioeene 


France, Jara 
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Species 


Stratigraphic 

Distribution 


Geographic 

Distribution 


A. australis McCoy, 1867 


Miocene 


Southeast 

Australia 


A. basteroti Benoist, 1888 


Oligocene 


Frunce 


A. berryi Stenzel, 1940 


Oligocene 


Mississippi 

(U.S.A.) 


A. brazoensis Stenzel, 1935 


Eocene 


Texas 

(U.S.A.) 


A. brüggeni Ihering, 1921 


Eoeene ? 


Chile 

(Tierra del 






Fuego) 


A. caroliameghinoi (Ihering) 1902 


Eocene ? 


Argentina 


A. charlesiL'ortlú Foord, 1891 


Eocene 


England 


A. clarkei Teichert, 1944 


Miocene 


Western 

Australia 


A. coxi Miller, 1947 


Miocene 


Pemba 

Island, 

Zanzibar 


A.cubaensis (Lea) 1841 


Oligocene ? 


Cuba 


A. curvilineata Miller and Thompson, 1937 


Miocene 


Florida 

(U.S.A.), 

Trinidad, 

Venezuela, 

Ecuador 


A. dirkersoni Schenek, 1931 


Paleocene ? 


California 

(U.S.A.) 


A. felschi Ihering, 1921 


Eocene ? 


Chile 


A. forma e Parona, 1899 


Eocene 


Italy 


A. garretti Stenzel, 1940 


Eoeene 


Louisiana 

(U.S.A.) 


A. grandior Schenck, 1931 


Eocene 


Washington 




Oligocene 


(U.S.A.) 


A. grangei Fleming, 1945 


Miocene 


Xew Zealand 


A.kerniana Anderson and Hanna, 1925 


Eocene 


California 

(U.S.A.) 


A.koenei Gagel, 1928 


Eocene 


Germany 


A. laticlavia Stenzel, 1935 


Eocene 


Texas 

(U.S.A.) 


AJ linicentensis Vineent, 1907 


Eocene 


Belgium 


Aturia lotzi Bohm, 1913 


Miocene ? 


S. Africa 


A. htcmloevsis Miller, 1938 


Miocene 


Angola 
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Speciea 

A. mackayi Fleming, 1945 
A. morrissi Michelotti, 1847 
A. myrlae Hanna, 1927 

A. narica Vredenburg, 1925 
A. panamensis Miller, 1947 
A. paronai Rovereto, 1900 
A. peruviana Olsson, 1928 



A. praeziczac Oppenheim, 1903 
A. preaturi (Cuvillier) 1935 
A. radiata Bellardi, 1872 
A. richardsi Miller, 1947 

A.rovasendiana Parona, 1899 



A. somaliensis Haas and Miller, 1952 
A. tolcunagai Shimizu, 1926 
A. triangula Stenzel, 1935 

A. turneri Stenzel, 1940 

A. vanuxemi (Conrad) 1847 

A. yolcoyamai Xagao, 1926 
A.ziczac (Sowerby) 1812 



Stratigraphic Geographic 
Distribution Distribution 



Eocene 


Xew Zealand 


Miocene 


Italy 


Eocene 


California 

(U.S.A.) 


Oligocene 


Pakistán 


Eocene 


Panaina 


Oligocene 


Italy 


Eocene, 


Perú, 


Oligocene 


Ecuador, 

Colombia, 

Venezuela 


Paleocene 


Egypt 


Eocene 


Egypt 


Miocene 


Italy 


Oligocene 


Mississippi 

(U.S.A.) 


Eocene 


Italy, 

Hungary, 

Egypt, 

Palestine 


Eocene 


Somaliland 


Miocene 


Japan 


Eocene 


Texas 

(U.S.A.) 


Eocene 


Texas 

(U.S.A.) 


Eocene 


Xew Jersey 
(U.S.A.) 


Eocene 


Japan 


Eocene 


England 



ADDEXDUM 

The very stimulating monograph by Benavides (1956, Cretaceous System 
in northem Perú. Am. Mus. Xat. Hist., Bull. 108, pp. 357-493, pls. 31-66) 
was published wheu this paper was iu page proof. The new genus of nauti- 
loid proposed by Benavides, Lissoniceras (type, Xautilus mermeti Coquand) 
is clearly a synonym of Angulithes as interpreted in this report. 
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